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/T*  may  be  neceffary  to  acquaint  the  Reader,  that  the  fol¬ 
lowing  Obfervations  and  Experiments  were  not  drawn  up 
with  a  view  to  their  being  made  pub  lick,  but  were  com¬ 
municated  at  different  times ,  and  mofl  off'  them  in  letters  written 
on  various  topics ,  as  matters  only  off'  private  amuffement . 

But  ff'ome  perfons  to  whom  they  were  read,  and  who  had 
them) elves  been  converfant  in  electrical  diffquifltions,  were  off' 
opinion ,  they  contained  fo  many  curious  and  inter effling  parti¬ 
culars  relative  to  this  affair,  that  it  would  be  doing  a  kind  of 
injuffice  to  the  public,  to  confine  them  Jblely  to  the  limits  off'  a 
private  acquaintance . 

ffhe  Editor  was  therefore  prevailed  upon  to  commit  fuch 
extracts  off  letters ,  and  other  detached  pieces  as  were  in  his 
hands  to  the  prefs,  without  waiting  for  the  ingenious  author  s 
permiffion  fo  to  do ;  and  this  was  done  with  the  lefs  heffitation > 
as  it  was  apprehended  the  author  s  engagements  in  other  affairs 
would  fcarce  afford  him  leifure  to  give  the  publick  his  reflec¬ 
tions  and  experiments  on  the  ffiibjeCt ,  fluffed  with  that  care 
and preciflon,  of  which  the  treatife  before  us  ffhews  he  is  alike 
fludious  and  capable . 

fhe  experiments  which  our  author  relates  are  mofl  off'  them 
peculiar  to  himfelf  5  they  are  conducted  with  juagment,  and 
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the  inferences  from  them  plain  and  concluflve  ;  though  feme - 
times  propofed  under  the  terms  of  Juppofitions  and  conjectures . 

And  indeed  the  fcene  he  opens ,  frikes  us  with  a  pleafing 
aft  ora 'foment,  while  he  conducts  us  by  a  train  of  faCis  and 
judicious  reflections ,  to  a  probable  caufe  of  thofe  phenomena y 
which  are  at  once  the  mofl  awful ,  andy  hitherto ,  accounted 
for  with  the  lead  verifemilitude. 

He  exhibits  to  our  confederation ,  an  invifebley  fubtle  matter , 
dijfeniinated  through  all  nature  in  various  proportions ,  equally 
unobfervedy  andy  whilfl  all  thofe  bodies  to  which  it  peculiarly 
adheres  are  alike  charged  with  ity  inojfenfeve. 

He  fljewsy  however ,  that  if  an  unequal  diftribution  is  by  any 
means  brought  about ,  if  there  is  a  coacervation  in  one  part  of 
I pace ,  a  lefs  proportion ,  vacuity 3  or  want >  in  another ;  by  the 
near  approach  of  a  body  capable  of  conducting  the  coacervated 
part  to  the  emptier  fpacey  it  becomes  perhaps  the  mofl  formid¬ 
able  irrefejlible  agent  in  the  univerfe.  Animals  are  in  an  in¬ 
fant  ft  ruck  breathlefey  bodies  almofl  impervious  by  any  force  yet 
known j  are  perforated ,  and  metals  fufed  by  it ,  in  a  moment . 

From  the  flmilar  ejfeCts  of  lightning  and  electricity ,  our  au¬ 
thor  has  been  led  to  make  feme  probable  conjectures  on  the  caufe 
of  the  former  •  andy  at  the  fame  timey  to  propcfe  fome  rational 
experiments  in  order  to  fecure  our f elves y  and  thofe  things  on 
which  its  force  is  often  directed y  from  its  pernicious  efl'eCts ; 
a  circumftance  of  no  f mall  importance  to  the  publicky  and  there¬ 
fore  worthy  of  the  ut mofl  attention . 

It  has ,  indeed ,  been  of  late  the  fajhion  to  afcribe  every  grand 
or  unufual  operation  of  nature ,  fuch  as  lightning  and  earth- 
quakesy  to  electricity  y  not ,  as  one  would  imagine  from  the 
manner  of  reafoning  on  thefe  occafions,  that  the  authors  of 
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thefe  fchemes  have  difcovered  any  connexion  betwixt  the  caufe 
and  effeCt  y  or faw  in  what  manner  they  were  related  \  but ,  as 
it  would  Jeem ,  merely  be  caufe  they  were  unacquainted  with 
any  other  agent ,  of  which  it  could  not  pofitively  be  faid  the 
connection  was  impojjible . 

But  of  thefe ,  and  many  other  interejling  circumjlancesy  the 
reader  will  be  more  fatisfaClorily  informed  in  the  following 
letters ,  to  which  he  is  therefore  referred  by 
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ADVERTISEMENT. 


Prefixed  to  the  Fourth  Edition . 

*  i 

ALL  the  Philofophical  Letters  and  Papers  of 
the  fame  Author,  that  have  been  inferted 
at  different  Times  in  the  Phiiofophical  Tranfac- 
tions  of  the  Royal  Society,  or  in  the  Magazines, 
or  printed  in  feparate  Pamphlets,  are  collected 
and  added  to  this  Edition  ;  together  with  a  Num¬ 
ber  of  others  on  various  Subjects,  never  before 
printed,  that  have  paffed  between  the  Author  and 
his  friends.  Many  Errors  in  the  preceding  Edi¬ 
tions,  are  now  corrected  ;  fome  of  the  Letters 
which  have  been  tranfpofed,  are  reftored  to  their 
proper  places ;  and  fundry  Paffages  are  more  ful¬ 
ly  explained  by  Notes. — There  is  alfo  added,  a 
compleat  Index  to  the  whole. 
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E  X  T  R  A  C  T 

O  F 

LETTER  I. 

FROM 

Benj.  Franklin,  Efq\  at  Philadelphia , 

T  O 

% 

Peter  Collinson,  Efq;  F.  R.  S.  London. 


SIR,  Philadelphia ,  March  28,  1747. 

OUR  kind  prefent  of  an  eleftric  tube,  with 
p  y  f  directions  for  ufing  it,  has  put  feveral  of 
|  |  us  *  on  making  eleCtrical  experiments,  in 

which  we  have  obferved  fome  particular 
phenomena  that  we  look  upon  to  be  new.  I  fliall 
therefore  communicate  them  to  you  in  my  next, 
though  poffibly  they  may  not  be  new  to  you,  as 
among  the  numbers  daily  employed  in  thofe  experi- 

*  i.  e.  of  the  Library- Company,  an  inftitution  of  the  Author's,  founded 
1730.  To  which  company  the  prefent  was  made. 

B 


ments 


2 


New  Experiments  and 

ments  on  your  fide  the  water,  ’tis  probable  fome  one 
or  other  has  hit  on  the  fame  obfervations.  For  my 
own  part,  I  never  was  before  engaged  in  any  ftudy 
that  fo  totally  engroffed  my  attention  and  my  time  as 
this  has  lately  done  ;  for  what  with  making  experi¬ 
ments  when  I  can  be  alone,  and  repeating  them  to  my 
Friends  and  Acquaintance,  who,  from  the  novelty  of 
the  thing,  come  continually  in  crouds  to  fee  them,  I 
have,  during  fome  months  paft,  had  little  leifure  for 
any  thing  elfe. 


I  am,  &c. 

B.  FRANKLIN, 


i 


LETTER 
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LETTER  II. 

FROM 

/ 

Benj.  Franklin,  Efq;  in  Philadelphia, 

T  O 

t 

Peter  Collinson,  Efq;  F.  R.  S.  London . 

SIR,  July  1 1, '•‘7747. 

_  _  .  .  •  *  ... 

IN  my  laft  I  informed  you  that,  in  purfuing  our 

electrical  enquiries,  we  had  obfervedfome  particular 
phenomena,  which  we  looked  upon  to  be  new,  and  of 
which  I  promifed  to  give  you  fome  account,  though 
I  apprehended  they  might  not  poffibly  be  new  to  you, 
as  fo  many  hands  are  daily  employed  in  eledtrical  ex¬ 
periments  on  your  fide  the  water,  lome  or  other  of 
which  would  probably  hit  on  the  fame  obfervations. 

The  firft  is  the  wonderful  effect  of  pointed  bodies, 
both  in  drawing  off  and  throwing  off  the  eleftrical  fire. 
For  example, 

Place  an  iron  fliot  of  three  or  four  inches  diameter 
on  the  mouth  of  a  clean  dry  glafs  bottle.  By  a  fine 
filken  thread  from  the  cieling,  right  over  the  mouth 
of  the  bottle,  fufpend  a  fmall  cork-ball,  about  the 
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bignefs  of  a  marble  5  the  thread  of  fuch  a  length,  as 
that  the  cork-ball  may  reft  againft  the  fide  of  the  fhot. 
EleCtrify  the  fhot,  and  the  ball  will  be  repelled  to  the 
diftance  of  four  or  five  inches,  more  or  lefs,  according 
to  the  quantity  of  EleCtricity.— When  in  this  ftate,  if 
you  prefent  to  the  fhot  the  point  of  a  long,  (lender, 
fharp  bodkin,  at  fix  or  eight  inches  diftance,  the  repel- 
lency  is  inftantly  deftroyed,  and  the  cork  flies  to  the 
Ihot.  A  blunt  body  rnuft  be  brought  within  an  inch, 
and  draw  a  fpark  to  produce  the  fame  eftedt.  To  prove 
that  the  electrical  fire  is  drawn  off  by  the  point,  if  you 
take  the  blade  of  the  bodkin  out  of  the  wooden  han¬ 
dle,  and  fix  it  in  a  flick  of  fealing-wax, 1  and  then 
prefent  it  at  the  diftance  aforefaid,  or  if  you  bring  it 
very  near,  no  fuch  effeCt  follows  ;  but  Aiding  one  fin¬ 
ger  along  the  wax  till  you  touch  the  blade,  and  the 
ball  flies  to  the  fhot  immediately.— If  you  prefent  the 
point  in  the  dark,  you  will  fee,  fometimes  at  a  foot 
diftance  and  more,  a  light  gather  upon  it,  like  that  of 
a  fire-fly,  or  glow-worm ;  the  lefs  ftiarp  the  point,  the 
nearer  you  muft  bring  it  to  obferve  the  light ;  and  at 
whatever  diftance  you  fee  the  light,  you  may  draw 
off  the  eleCtrical  fire,  and  deftroy  the  repellency. — If 
a  cork-ball  fo  fufpended  be  repelled  by  the  tube,  and 
a  point  be  prefented  quick  to  it,  though  at  a  confi- 
derable  diftance,  fiis  furprizing  to  fee  how  fudderily 
it  flies  back  to  the  tube.  Points  of  wood  will  do  near 
as  well  as  thofe  of  iron,  provided  the  wood  is  not  dry ; 
for  perfectly  dry  wood  will  no  more  conduct  electri¬ 
city  than  fealing-wax. 
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To  fhew  that  points  will  throw  off  *  as  well  as  draw 
off  the  eleftrical  fire  3  lay  a  long  fharp  needle  upon  the 
fhot,  and  you  cannot  eleftrife  the  fhot  fo  as  to  make 
it  repel  the  cork-ball. — Or  fix  a  needle  to  the  end  of 
a  fufpended  gun-barrel,  or  iron-rod,  fo  as  to  point 
beyond  it  like  a  little  bayonet  3  and  while  it  remains 
there,  the  gun-barrel,  or  rod,  cannot  by  applying  the 
tube  to  the  other  end  be  eleftrifed  fo  as  to  give  a  fpark, 
the  fire  continually  running  out  filently  at  the  point. 
In  the  dark  you  may  fee  it  make  the  fame  appearance 
as  it  does  in  the  cafe  before-mentioned. 

The  repellency  between  the  cork-ball  and  the  fliot  is 
likewife  deftroyed.  1 .  By  fifting  fine  fand  on  it  3  this 
does  it  gradually.  2.  By  breathing  on  it.  3.  By 
making  a  fmoke  about  it  from  burning  wood  j.  4.  By 
candle-light,  even  though  the  candle  is  at  a  foot  dis¬ 
tance  :  thefe  do  it  fuddenly. —  The  light  of  a  bright 

JO  o 


*  This  power  of  points  to  throw  off  the  electrical  fire,  was  fiift  com¬ 
municated  to  me  by  my  ingenious  friend  Mr  Tbotnas  Hopkinfon ,  fince 
dcceafcd,  whofe  virtue  and  integrity,  in  every  Ration  of  life,  public  and  pri¬ 
vate,  will  ever  make  his  Memory  dear  to  thofe  who  knew  him,  and  knew 
how  to  value  him. 

f  This  was  Mr  Hopkinfon  s  Experiment,  made  with  an  expectation  of 
drawing  a  more  lharp  and  powerful  fpark  from  the  point,  as  from  a  kind 
of  focus,  and  he  was  furprized  to  find  little  or  none. 

X  We  fuppofe  every  particle  of  fand,  moifture,  or  fmoke,  being  firft  at¬ 
tracted  and  then  repelled,  carries  off  with  it  a  portion  of  the  eledtrical  fire  ; 
but  that  the  fame  {till  fubfifts  in  thofe  particles,  till  they  communicate  it  to 

iomething  elfe,  and  that  it  is  never  really  deftroyed. - So  when  water 

is  thrown  on  common  fire,  we  do  not  imagine  the  element  is  thereby  de- 
ftroyed  or  annihilated,  but  only  difperfed,  each  particle  of  water  carrying 
oft'  in  vapour  its  portion  of  the  fire,  which  it  had  attracted  and  attached  to 
itfelf . 
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coal  from  a  wood  fire  ;  and  the  fight  of  a  red-hot  iron 
do  it  likewife  5  but  not  at  fo  great  a  diftance.  Smoke 
from  dry  refill  dropt  on  hot  iron,  does  not  deftroy  the 
repellency ;  but  is  attracted  by  both  fhot  and  cork-ball, 
forming  proportionable  atmofpheres  round  them, 
making  them  look  beautifully,  fomewhat  like  fome  of 
the  figures  in  Burnet1  sor  Whijion  s  Theory  of  the  Earth. 

N.  B.  This  experiment  fhould  be  made  in  a  clofet, 
where  the  air  is  very  ftill,  or  it  will  be  apt  to  fail. 

The  light  of  the  fun  thrown  ftrongly  on  both  cork 
and  fhot  by  a  looking-glafs  for  a  long  time  together, 
does  not  impair  the  repellency  in  the  leaft.  This  dif¬ 
ference  between  fire-light  and  fun-light  is  another 
thing  that  feems  new  and  extraordinary  to  us 

We  had  for  fome  time  been  of  opinion,  that  the 
electrical  fire  was  not  created  by  friction,  but  collected, 
being  really  an  element  diffufed  among,  and  attracted 
by  other  matter,  particularly  by  water  and  metals. 
We  had  even  difeovered  and  demonftrated  its  afflux  to 
the  eleCtrical  fphere,  as  well  as  its  efflux,  by  means  of 
little  light  windmill  wheels  made  of  ftiff  paper  vanes, 
fixed  obliquely,  and  turning  freely  on  fine  wire  axes. 
Alfo  by  little  wheels  of  the  fame  matter,  but  formed 
like  water-wheels.  Of  the  difpofition  and  application  of 
which  wheels,  and  the  various  phenomena  .refulting, 

*  This  different  Effedt  probably  did  not  arife  from  any  difference  in 
the  light,  but  rather  from  the  particles  feparated  from  the  candle,  being  fir  ft 
attracted  and  then  repelled,  carrying  off  the  eledtric  matter  with  them  ; 
and  from  the  rarefying  the  air,  between  the  glowing  coal  or  red-hot  iron, 
and  the  eledtrifed  fhot,  through  which  rarified  air  the  electric  fluid  could 
more  readily  pafs. 
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I  could,  if  I  had  time,  fill  you  a  fheet  The  impof- 
fibility  of  eleftriling  one’s  felf  (though  ftanding  011 
wax)  by  rubbing  the  tube,  and  drawing  the  fire  from 
it  5  and  the  manner  of  doing  it,  by  palling  the  tube 
near  a  perfon  or  thing  ftanding  on  the  floor,  c "Sc.  had 
alfo  occurred  to  us  fome  months  before  Mr.  JVatfori s 
ingenious  Sequel  came  to  hand,  and  thefe  were  fome 
of  the  new  things  I  intended  to  have  communicated 
to  you.-— But  now  I  need  only  mention  fome  particu¬ 
lars  not  hinted  in  that  piece,  with  our  reafonings 
thereupon :  though  perhaps  the  latter  might  well 
enough  be  fpared. 

1.  A  perfon  ftanding  on  wax,  and  rubbing  the  tube, 
and  another  perfon  on  wax  drawing  the  fire,  they  will 
both  of  them,  (provided  they  do  not  ftand  fo  as  to 
touch  one  another)  appear  to  be  eleftrifed,  to  a  perfon 
ftanding  on  the  floor ;  that  is,  he  will  perceive  a  fpark 
on  approaching  each  of  them  with  his  knuckle. 

2.  But  if  the  perfons  on  wax  touch  one  another 
during  the  exciting  of  the  tube,  neither  of  them  will 
appear  to  be  electriled. 

3.  If  they  touch  one  another  after  exciting  the 
tube,  and  drawing  the  fire  as  aforefaid,  there  will  be  a 
ftronger  fpark  between  them  than  was  between  either 
of  them  and  the  perfon  on  the  floor. 

f  Thefe  experiments  with  the  wheels,  were  made  and  communicated  to 
me  by  my  worthy  and  ingenious  friend  Mr  Philip  Syng  ;  but  we  after¬ 
wards  difcovered  that  the  motion  of  thofe  wheels  was  not  owing  to  any 
afflux  or  efflux  of  the  electric  fl  uid,  but  to  various  circumftunces  of  attraction 
and  repulfion.  x 750. 
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4.  After  fuch  ftrong  fpark,  neither  of  them  difcover 

any  eledricity. 

Thefe  appearances  we  attempt  to  account  for  thus : 
We  fuppofe,  as  aforefaid,  that  eledrical  fire  is  a  com¬ 
mon  element,  of  which  every  one  of  the  three  perfons 
abovementioned  has  his  equal  (hare,  before  any  opera¬ 
tion  is  begun  with  the  tube.  A,  who  ftands  on  wax 
and  rubs  the  tube,  collects  the  eledrical  fire  from 
himfelf  into  the  glafs  •  and  his  communication  witli 
the  common  ftock  being  cut  off  by  the  wax,  his  body 
is  not  again  immediately  fupply’d.  B ,  (who  ftands 
on  wax  likewife)  pafling  his  knuckle  along  near  the 
tube,  receives  the  fire  which  was  collected  by  the  glafs 
from  A ,  and  his  communication  with  the  common 
ftock  being  likewife  cut  off,  he  retains  the  additional 
quantity  received. — To  C,  ftanding  on  the  floor,  both 
appear  to  be  eledrifed :  for  he  having  only  the  middle 
quantity  of  eledrical  fire,  receives  a  fpark  upon  ap¬ 
proaching  By  who  has  an  over  quantity ;  but  gives 
one  to  A,  who  has  an  under  quantity.  If  A  and  B 
approach  to  touch  each  other,  the  fpark  is  ftronger, 
becaufe  the  difference  between  them  is  greater  :  After 
fuch  touch  there  is  no  fpark  between  either  of  them 
and  Cy  becaufe  the  eledrical  fire  in  all  is  reduced  to 
the  original  equality.  If  they  touch  while  eledrifing, 
the  equality  is  never  deftroy’d,  the  fire  only  circulat¬ 
ing.  Hence  have  arifen  home  new  terms  among  us : 
we  fay  By  (and  bodies  like  circumftanced)  is  eledrifed 
pojitively ;  Ay  negatively „  Or  rather,  B  is  eledrifed 
plus Ay  minus .  And  we  daily  in  our  experiments 
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eledtrife  bodies  plus  or  minus  ^  as  we  think  proper.— To 
eledtrife  plus  or  minus ,  no  more  needs  to  be  known  than 
this,  that  the  parts  of  the  tube  or  fphere  that  are 
rubbed,  do,  in  the  inftant  of  the  fridtion,  attradl  the 
eledtrical  fire,  and  therefore  take  it  from  the  thing 
rubbing  :  the  fame  parts  immediately,  as  the  friction 
upon  them  ceafes,  are  difpofed  to  give  the  fire  they 
have  received,  to  any  body  that  has  lefs.  Thus  you 
may  circulate  it,  as  Mr.  IVatfon  has  fliewn  ;  you  may 
alfo  accumulate  or  fubtradt  it,  upon,  or  from  any  body, 
as  you  connedt  that  body  with  the  rubber  or  with  the 
receiver,  the  communication  with  the  common  flock 
being  cut  off.  We  think  that  ingenious  gentleman 
was  deceived  when  he  imagined  (in  his  Sequel)  that  the 
eledtrical  fire  came  down  the  wire  from  the  deling  to 
the  gun  barrel,  thence  to  the  fphere,  and  fo  eledtrifed 
the  machine  and  the  man  turning  the  wheel,  &c .  We 
fuppofe  it  was  driven  off \  and  not  brought  on  through 
that  wire  ;  and  that  the  machine  and  man,  &c.  were 
eledtrifed  minus  \  i.e.  had  lefs  eledtrical  fire  in  them  than 
things  in  common. 

As  the  veffel  is  juft  upon  failing,  I  cannot  give  you  fo 
large  an  account  of  American  Electricity  as  I  intended: 
I  fhall  only  mention  a  few  particulars  more.— We  find 
granulated  lead  better  to  fill  the  phial  with,  than  water, 
being  eafily  warmed,  and  keeping  warm  and  dry  in  damp 
air.— We  fire  fpirits  with  the  wire  of  the  phial.— We 
light  candles,  juft  blown  out,  by  drawing  a  fpark 
among  the  fmoke  between  the  wire  and  fnuffers. — We 


reprefent  lightning,  by  palling  the  wire  in  the  dark,  over 
a  china  plate  that  has  gilt  flowers,  or  applying  it  to 

C  gilt 
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gilt  frames  of  Iooking-glaffes,  — W e  eleCirife  a  per- 
fon  twenty  or  more  times  running,  with  a  touch  of  the 
linger  on  the  wire,  thus :  He  Hands  on  wax.  Give  him 
the  eleCtrifed  bottle  in  his  hand.  Touch  the  wire  with 
your  finger,  and  then  touch  his  hand  or  face  5  there  are 
fparks  every  time  We  encreafe  the  force  of  the  elec¬ 
trical  kifs  vaftly,  thus  :  Let  A  and  B  Hand  on  wax  ;  or 
A  on  wax,  and  B  on  the  floor;  give  one  of  them  the 
eleftrifed  phial  in  hand;  let  the  other  take  hold  of  the 
wire ;  there  will  be  a  fmall  fpark ;  but  when  their  lips 
approach,  they  will  be  ftruck  and  fhock’d.  The  fame 
if  another  gentleman  and  lady,  C  and  _D,  Handing  alfo 
on  wax,  and  joining  hands  with  A  and  B ,  falute  or 
fhake  hands.  We  fufpend  by  fine  filk  thread  a  coun¬ 
terfeit  fpider,  made  of  a  fmall  piece  of  burnt  cork, 
with  legs  of  linnen  thread,  and  a  grain  or  two  of  lead 
Huck  in  him,  to  give  him  more  weight.  Upon  the 
table,  over  which  he  hangs,  we  Hick  a  wire  upright,  as 
high  as  the  phial  and  wire,  four  or  five  inches  from  the 
fpider :  then  we  animate  him,  by  fetting  the  electrified 
phial  at  the  fame  diflance  on  the  other  fide  of  him  ;  he 
will  immediately  fly  to  the  wire  of  the  phial,  bend  his 
legs  in  touching  it ;  then  fpring  off,  and  fly  to  the 
wire  in  the  table :  thence  again  to  the  wire  of  the  phial, 
playing  with  his  legs  againff  both,  in  a  very  entertaining 
manner,  appearing  perfeflly  alive  to  perfons  unac¬ 
quainted.  He  will  continue  this  motion  an  hour  or 

*  By  taking  a  fpark  from  the  wire,  the  electricity  within  the  bottle  is  di- 
miniihed ;  the  outfide  of  the  bottle  then  draws  fome  from  the  perfon  holding 
it,  and  leaves  him  in  the  negative  ftate.  Then  when  his  hand  or  face  is 
touch’d,  an  equal  quantity  is  reftored  to  him  from  the  perfon  touching. 

more 
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more  in  dry  weather. — We  eledrify,  upon  wax  in  the 
dark,  .a  book  that  has  a  double  line  of  gold  round  upon 
the  covers,  and  then  apply  a  knuckle  to  the  gilding ;  the 
lire  appears  every  where  upon  the  gold  like  a  flafli  of 
lightning  :  not  upon  the  leather,  nor,  if  you  touch  the 
leather  inftead  of  the  gold.  We  rub  our  tubes  with 
bucklkin,  and  oblerve  always  to  keep  the  fame  lide  to 
the  tube,  and  never  to  fully  the  tube  by  handling ;  thus 
they  work  readily  and  ealily,  without  the  leaft  fatigue, 
efpecially  if  kept  in  tight  pafteboard  cafes,  lined  with 
flannel,  and  fitting  dole  to  the  tube  This  I  men¬ 
tion,  becaufe  the  Europecui  papers  on  ele&ricity  fre¬ 
quently  fpeak  of  rubbing  the  tube  as  a  fatiguing  exer- 
cile.  Our  fpheres  are  fixed  on  iron  axes,  which  pafs 
through  them.  At  one  end  of  the  axis  there  is  a  fmall 
handle,  with  which  you  turn  the  fphere  like  a  common 
grindftone.  This  we  find  very  commodious,  as  the 
machine  takes  up  but  little  room,  is  portable,  and  may 
be  enclofed  in  a  tight  box,  when  not  in  ufe.  Tis  true, 
the  fphere  does  not  turn  fo  fwift  as  when  the  great 
wheel  is  ufed  :  but  fwiftnefs  we  think  of  little  im¬ 
portance,  fince  a  few  turns  will  charge  the  phial,  &c. 
fufficiently  -f-. 

I  am ,  &c* 

B.  FRANKLI N. 

*  Our  tubes  are  made  here  of  green  glafs,  27  or  30  inches  long,  as  big 
as  can  be  grafped. 

f  This  iimplc  eafily-made  machine  was  a  contrivance  of  Mr.  Syng  s. 
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LET  TER  III. 
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Benj,  Franklin,  Efq ;  at  Philadelphia , 

•  ;  l  '  ■  f-  \  IJJ  ii  i  i  .  i  j;  i 

?  *  - 
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Peter  Collinson,  Efq\  F.  R.S.  London. 
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^ ‘  '  hit  ■■  .  c. 

5  I  R,  Sept.  1,  1747. 

THE  neceiTary  trouble  of  copying  long  letters^ 
which,  perhaps,  when  they  come  to  your  hands 
may  contain  nothing  new,  or  worth  your  reading,  (fo 
quick  is  the  progrefs  made  with  you  in  Electricity) 
half  difcourages  me  from  writing  any  more  on  that 
lubjecl  Yet  I  cannot  forbear  adding  a  few  obfer va¬ 
rious  on  M.  Mufchenbroek! s  wonderful  bottle. 

1.  The  non-eleftric  contain’d  in  the  bottle  differs 
when  eleCtrifed  from  a  non-eleCtric  eleCtrifed  out  of 
the  bottle,  in  this  :  that  the  eleCtrical  fire  of  the  latter 
is  accumulated  on  its  furfaee ,  and  forms  an  eleCtrical 
atmofphere  round  it  of  confiderable  extent  1  but  the 

eleCfrica! 


Obfervations  on  Electricity.  13 

ele&rical  fire  is  crowded  into  the  Jubjidrice  of  the  former, 
the  glafs  confining  it*.  ~  ~ 

2.  At  the  fame  time  that  the  wire  and  top  of  the 
bottle,  &c.  is  elect  riled  pofitively  or  p!usy  the  bottom  of 
the  bottle  is  electrifed  negatively  or  minus ,  in  exaft 
proportion :  i.  e.  whatever  quantity  of  eleftrical  fire  is 
thrown  in  at  the  top,  an  equal  quantity  goes  out  of  the 
bottom^.  To  underftand  this,  fuppofe  the  common 
quantity  of  electricity  in  each  part  of  the  bottle,  be¬ 
fore  the  operation  begins,  is  equal  to  20;  and  at  every 
•  llroke  of  the  tube,  fuppofe  a  quantity  equal  to  1  is 
thrown  in ;  then,  after  the  firft  ftroke,  the  quantity 
contain’d  in  the  wire  and  upper  part  of  the  bottle  will 
be  21,  in  the  bottom  19.  After  the  fecond,  the  upper 
part  will  have  22,  the  lower  18,  and  fo  on,  till,  after 
20  ftrokes  the  upper  part  will  have  a  quantity  of  elec¬ 
trical  fire  equal  to  40,  the  lower  part  none  :  and  then 
the  operation  ends  :  for  no  more  can  be  thrown  into 
the  upper  part,  when  no  more  can  be  driven  out  of 
the  lower  part.  If  you  attempt  to  throw  more  in,  it 
is  fpued  back  through  the  wire,  or  flies  out  in  loud 
cracks  through  the  fides  of  the  bottle. 

3.  The  equilibrium  cannot  be  reftored  in  the  bottle 
by  .inward  communication  or  contaft  of  the  parts  ;  but 

it  muft  be  done  by  a  communication  formed  without  the 

* 

f  *  r  r  rp  r  'N  *  *:  r  f  \  \  l  p  .  1  .  *  *  f  ^>i'T  " 

•j  r  1  •.  ,  r  •  rr  -f ;  y; ,  ;  ■  :  '  '  "  .  "j  .*]}  ;  j\  ;  J  MU 

*  See  this  opinion  rectified  in  Letter  IV.  §  16  and  17.  The  fire  in  the 

bottle  was  found  by  firbfequent  experiments  not  to  be  contained  in  the  non¬ 
electric,  but  in  the  glajs.  1748. 

f  What  is  faid  here,  and  after,  of  the  top  and  bottom  of  the  bottle,  is 
true  of  the  ipfvU  and  cutjide  furfaces,  and  fiiould  have  been  fo  exprefled. 

bottle 
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bottle  between  the  top  and  bottom,  by  Tome  non-elec¬ 
tric,  touching  or  approaching  both  at  the  lame  time j 
in  which  cafe  it  is  reftored  with  a  violence  and  .quick- 
nefs  inexpreifible ;  or,  touching  each  -alternately,  in 
which  cafe  the  equilibrium  is  reftored  by  degrees.  .  . 

4.  As  no  more  eleCtrical  fire  can  be  thrown  into 
the  top  of  the  bottle,  when  all  is  driven  out  of  the 
bottom,  fo  in  a  bottle  not  yet  eiectrifed,  none  can  be 
thrown  into  the  top,  when  none  can  get  out  at  the 
bottom  ;  which  happens  either  when  the  bottom  is  too 
thick,  or  when  the  bottle  is  placed  on  an  electric  per 
f'e.  Again,  when  the  bottle  is  ele&rifed,  but  little  of 
the  electrical  fire  can  be  drawn  out  from  the  top,  by 
touching  the  wire,  unlefs  an  equal  quantity  can  at  the 
fame  time  get  in  at  the  bottom  *.  Thus,  place  ah 
eleCtrifed  bottle  on  clean  glafs  or  dry  wax,  and  you 
will  not,  by  touching  the  wire,  geU  out  the  fire 
from  the  top.  Place  it  on  a  non-eleCtric,  and  touch 
the  wire,  you  will  get  it  out  in  a  fhort  time  3  but 
fooneft  when  you  form  a  direct  communication  as 
above. 

So  wonderfully  are  thefe  two  ftates  of  EleCtricity, 
the  plus  and  minus ,  combined  and  balanced  in  this 
miraculous  bottle  !  fituated  and  related  to  each  other 
in  a  manner  that  I  can  by  no  means  comprehend  !  If  it 
were  poffible  that  a  bottle  fiiould  in  one  part  contain  a 
quantity  of  air  ftrongly  compreft,  and  in  another  part 
a  perfeft  vacuum,  we  know  the  equilibrium  would  be 
inftantly  reftored  within .  But  here  we  have  a  bottle 

*  . 

*  See  the  preceding  note,  relating  to  top  and  bottom. 

containing 
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containing  at  the  fame  time  a  plenum  of  electrical  fire, 
and  a  vacuum  of  the  fame  fire ;  and  yet  the  equilibrium 
cannot  be  reftored  between  them  but  by  a  communi¬ 
cation  vaitheut !  though  the  plenum  prefies  violently 
to  expand,  and  the  hungry  vacuum  feems  to  attrafl  as 
violently  in  order  to  be  filled. 

5.  The  fhock  to  the  nerves  (or  convulfion  rather)  is 
occafioned  by  the  fudden  palling  of  the  fire  through 
the  body  in  its  way  from  the  top  to  the  bottom  of 
the  bottle.  The  fire  takes  the  fhortefl  *  courfe,  as  Mr. 
Wat  [on  juftly  obferves :  But  it  does  not  appear  from 
experiment  that  in  order  for  a  perfon  to  be  fhocked, 
a  communication  with  the  floor  is  neceffary  :  for  he 
that  holds  the  bottle  with  one  hand,  and  touches  the 
wire  with  the  other,  will  be  {hock’d  as  much,  though 
his  Ihoes  be  dry,  or  even  {landing  on  wax,  as  other- 
wife.  And  on  the  touch  of  the  wire,  (or  of  the  gun- 
barrel,  which  is  the  fame  thing)  the  fire  does  not  pro¬ 
ceed  from  the  touching  finger  to  the  wire,  as  is  fup- 
pofed,  but  from  the  wire  to  the  finger,  and  pafies 
through  the  body  to  the  other  hand,  and  fo  into  the 
bottom  of  the  bottle. 

Experiments  confirming  the  above . 

EXPERIMENT  L 

Place  an  eleflrifed  phial  on  wax  ;  a  fmall  cork-ball 
fufpended  by  a  dry  filk  thread  held  in  your  hand,  and 

brought 


*  Other  circumftances  being  equal 
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brought  near  to  the  wire,  will  firfb  be  attracted,  and 
then  repelled:  when  in  this  flate  of  repellency,  fink 
your  hand,  that  the  ball  may  be  brought  towards  the 
bottom  of  the  bottle ;  it  will  be  there  inftantly  and 
ftrongly  attracted,  ’till  it  has  parted  with  its  fire. 

If  the  bottle  had  a  pojitive  electrical  atmofphere,  as 
well  as  the  wire,  an  eleCtrified  cork  would  be  repelled 
from  one  as  well  as  from  the  other. 

EXPERIMENT  II. 

Fig.  i.  From  a  bent  wire  (a)  flicking  in  the  table, 
let  a  fmall  linen  thread  ( b )  hang  down  within  half 
an  inch  of  the  eleftrifed  phial  (c).  Touch  the  wire 
of  the  phial  repeatedly  with  your  finger,  and  at  every 
touch  you  will  fee  the  thread  inftantly  attracted  by 
the  bottle.  (This  is  belt  done  by  a  vinegar  cruet,  or 
fome  fiich  belly’d  bottle).  As  foon  as  you  draw  any 
fire  out  from  the  upper  part,  by  touching  the  wire, 
the  lower  part  of  the  bottle  draws  an  equal  quantity 
in  by  the  thread. 

EXPERIMENT  III. 


Fig.  2.  Fix  a  wire  in  the  lead,  with  which  the 
bottom  of  the  bottle  is  armed  (J)  fo  as  that  bending 
upwards,  its  ring-end  may  be  level  with  the  top  or 
ring-end  of  the  wire  in  the  cork  (e)  and  at  three  or 
four  inches  diftance.  Then  elect  riche  the  bottle,  and 
place  it  on  wax.  If  a  cork  fufpended  by  a  filk  thread 
(f)  hang  between  thefe  two  wires,  it  will  play  in- 

ceffantiv 
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ccfl'antly  from  one  to  the  other,  ’till  the  bottle  is  no 
longer  eledtrifed ;  that  is,  it  fetches  and  carries  fire 
from  the  top  to  the  bottom  *  of  the  bottle,  ’till  the 
equilibrium  is  reftored. 

EXPERIMENT  IV. 

*  .*  r  •  m 

Fig.  3.  Place  an  eleclrifed  phial  on  wax;  take  a 
wire  (g)  in  form  of  a  C,  the  ends  .at  fuch  a  diftance 
when  bent,  as  that  the  upper  may  touch  the  wire  of 
the  bottle,  when  the  lower  touches  the  bottom  :  flick 
the  outer  part  on  a  flick  of  fealing-wax  ( h )y  which 
will  ferve  as  a  handle;  then  apply  the  lower  end  to 
the  bottom  of  the  bottle,  and  gradually  bring  the  up¬ 
per  end  near  the  wire  in  the  cork.  The  confequence 
is,  fpark  follows  fpark  till  the  equilibrium  is  reftored. 
Touch  the  top  firft,  and  on  approaching  the  bottom 
with  the  other  end,  you  have  a  conftant  ftream  of  fire 
from  the  wire  entering  the  bottle.  Touch  the  top 
and  bottom  together,  and  .the  equilibrium  will  inftantly 
be  reftored  :  the  crooked  wire  forming  the  communi¬ 
cation. 

* 

:  n  i  •  *  ♦'$  Hi  ;  •'  V”  ,z  v  ,  *  v  ,  _ . 

1 

E  X?  E  RIME  N  T  V. 

•  *  V  '  A  1 .  A  .  *  ■*  »  >  v.  -■  *  w  — 

Fig.  4.  Let  a  ring  of  thin  lead,  or  paper,  furround 
a  bottle  (i)  even  at  fome  diftance  from  or  above  the 
bottom.  From  that  ring  let  a  wire  .proceed  up,  till  it 
touch  the  wire  of  the  cork  (k).  A  bottle  fo  fixt  can¬ 
not  by  any  means  be  eleftrifed :  the  equilibrium  is 


u  e,  from  the  infide  to  the  outfide. 

# 
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never  deflroyed :  for  while  the  communication  between 
the  upper  and  lower  parts  of  the  bottle  is  continued  by 
the  outfide  wire,  the  fire  only  circulates  :  what  is 
driven  out  at  bottom,  is  conftantly  fupplied  from  the 
top  *.  Hence  a  bottle  cannot  be  ele&rifed  that  is 
foul  or  moift  on  the  outfide,  if  fuch  moifture  continue 
up  to  the  cork  or  wire. 

EXPERIMENT  VL 

Place  a  man  on  a  cake  of  wax,  and  prefent  him  the 
wire  of  the  eleflrified  phial  to  touch,  you  {landing  on 
the  floor,  and  holding  it  in  your  hand.  As  often  as 
he  touches  it,  he  will  be  ele&rified  plus ;  and  any  one 
{landing  on  the  floor  may  draw  afpark  from  him.  The 
fire  in  this  experiment  pafles  out  of  the  wire  inta  him ; 
and  at  the  fame  time  out  of  your  hand  into  the  bottom 
of  the  bottle. 

EXPERIMENT  VII. 

» 

Give  him  the  ele&rical  phial  to  hold  ^  and  do  you 
touch  the  wire  as  often  as  you  touch  it  he  will  be 
ele&rified  minus ,  and  may  draw  a  fpark  from  any  one 
(landing  on  the  floor.  The  fire  now  pafles  from  the 
wire  to  you,  and  from  him  into  the  bottom  of  the  bottle, 

EXPERIMENT  VIII.  / 

Lay  two  books  on  two  glafles,  back  towards  back, 
two  or  three  inches  diftant.  Set  the  electrified  phial 

*  See  the  preceding  note,  relating  to  top  and  bottom. 
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on  one,  and  then  touch  the  wire ;  that  book  will  be 
ele&rified  minus  j  the  ele&rical  fire  being  drawn  out  of 
it  by  the  bottom  of  the  bottle.  Take  off  the  bottle, 
and  holding  it  in  your  hand,  touch  the  other  with  the 
wire  >  that  book  will  be  ele&rified  plus  the  fire  pai¬ 
ring  into  it  from  the  wire,  and  die  bottle  at  the  fame 
time  fupplied  from  your  hand.  A  fufpended  fmall 
cork-ball  will  play  between  thefe  books  till  the  equili¬ 
brium  is  reftored. 

/  r  1 

EXPERIMENT  IX. 

■-  i  1  .  ,  -  #  .....  u  :  #-  .  ; 

When  a  body  is  eleftrifed  plus ,  it  will  repela  pofitively 

electrified  feather  or  fmall  cork-ball.  When  minus  (or 
when  in  the  common  ftate)  it  will  attract  them,  but 
ftronger  when  minus  than  when  in  the  common  ftate, 
the  difference  being  greater. 

EXPERIMENT  X. 

»  <  '  *  4  »  •  •  *  *  \  •  '  '  *  '  *  r  '  -T. 

,  *  f  *  •»»-  |  , 

Though,  as  in  Experiment  al,  a  man  Handing' on 
wax  may  be  eleCtrifed  a  number  of  times  by  repeatedly 
touching  the  wire  of  an  eleCtrifed  bottle  (held  in  the 
hand  of  one  ftanding  on  the  floor)  he  receiving  the  fire 
from  the  wire  each  time  :  yet  holding  ft  in  his  own 
hand,  and  touching  the  wire,  though  he  draws  a  ftrong 
fpark,  and  is  violently  fhocked,  no  electricity  remains 
in  him  *,  the  fire  only  palling  through  him,  from  the 
upper  to  the  lower  part  of  the  bottle.  Obferve,  before 
the  fhock,  to  let  feme  one  on  the  floor  touch  him  to 
reftore  the  equilibrium  in  his  body ;  for  in  taking  hold 
of  the  bottom  of  the  bottle,  he  fometimes  becomes  a 

D  2  little 
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little  eleclrifed  minus ,  which  will  continue  after'  the 
(hock,  as  would  alfo  any- plus  ele&ricity;  which  he 
might  have  given  him  before  the  (hock.  For  reftoring 
the  equilibrium  in  the  bottle,  does  not  at  all  affeft  the 
eleftricity  in  the  man  through  whom  the  fire  paffes  ; 
that  eleftricity  is  neither  increafed  nor  diminifhed. 


’  *  ?  > 
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The  palling  of  the  eleftrical  fire  from  the  upper  to. 
the  lower  part  *  of  the.  bottle,  to.  reftore  the  equili¬ 
brium,  is  rendered  ftrongly  vifible  by  the  following 
pretty  experiment.  Take  a  book  whofe  covering  is 
filletted  with  gold ;  bend  a  wire  of  eight  or  ten  inches 
long,  in  the  form  of  (//z/ Fig.  5;  flip  it  on  the  end  of 
the  cover  of  thebook,  over  the  gold  line,  foas  that  the 
Ihoulder  of  it  may  prefs  upon  one  end  of  the  gold 
line,  the  ring  up,  but  leaning  towards  the  other  end 
of  the  book.  Lay  the  book  on  a  glafs  or  wax  and  on 
the  other  end.  of  the  gold  lines  fet  the  bottle  eledlrifed : 
then  bend  the  fpringing  wire,  by  prefling  it  with  a 
flick  of  wax  till  its  ring  approaches  the  ring  of  the 
bottle  wire,  inftantly  there  is  a  ftrong  fpark  and  ftroke, 
and  the  whole  line  of  gold,  which  completes  the  commu¬ 
nication,  between  the  top  and  bottom  of  the  bottle,  will 
appear  a  vivid  flame,  like  the  fharpeft  lightning.  The 
clofer  the  contact  between  the  flioulder  of  the  wire, 

4:  .  .  \  ;  f";  /"?  "j  '  /•  *  -  \\  c \  d  '■  •  •  ; '  f 

*  i.  e*  From  the  inftde  to  the  sutfide . 


f1  Placing  the  book  on  glafs  or  wax  is  not  neceflary  to  produce  the  ap¬ 
pearance  $.  it  is  only  to  (how  that  the  vifible  Ele&ricity  is  not  brought  up 
from  the  common  {lock  in  the  earth* 


Qbfervations  on  Electricity, 


2 1 


*  -  *  t  ».  --  --  - 1  rv 

and'  the  gold  at  one  end  of  the  line,  and  between  the 
bottom  of  the  bottle  and  the  gold  at  the  other  end,  the 
better  the  experiment  fucceeds.  The  room  fhould  be 
darkened.  If  you  would  have  the  whole  filletting  round 
the  cover  appear  in  fire  at  once,  let  the  bottle  and  wire 
touch  the  gold  ki  the  diagonally  oppofite  corners. 
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§  i.  *  |  'HERE  will  be  the  fame  explofion  and  fhock 
J_  if  the  electrified  phial  is  held  in  one  hand 
by  the  hook,  and  the  coating  touch'd  with  the  other, 
as  when  held  by  the  coating,  and  touch’d  at  the  hook. 

a.  T© 
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■  2,  To  take  the  charg’d  phial  fafely  by  the  hook,  and 
not  at  the  fame  time  diminiihits  force,  it  mu  ft  firft  be 


fet  down  on  an  eledtric  per  fe. 

3.  The  phial  will  be  eledhrified  as  ftrongly,  if  held 
by  the  hook,  and  the  coating  apply ’d  to  the  globe  or 
tube ;  as  when  held  by  the  coating,  and  the  hook 
apply’d  *. 

4.  But  the  dirediim  of  the  eledtrical  fire  being  dif¬ 
ferent  in  the  charging,  will  alfo  be  different  in  the  ex- 
plofion.  The  bottle  charged  through  the  hook,  will 
be  difcharged  through  the  hook  \  the  bottle  charged 
through  the  coating,  will  be  difcharged  through  the 
coating,  and  not  otherways  5  for  the  fire  muli:  come 
out  the  fame  way  it  went  in. 

5.  To  prove  this,  take  two  bottles  that  were  equally 
charged  through  the  hooks,  one  in  each  hand :  bring 


their  hooks  near  each  other,  and  no  fpark  or  fliock 
will  follow  5  becaufe  each  hook  is  difpofed  to  give  fire, 


and  neither  to  receive  it.  -  Set  one  of  the  bottles 
down  on  glafs,  take  it  up  by  the  hook,  and  apply 
its  coating  to  the  hook  of  the  other ;  then  there  will 
be  an  explofion  and  fliock,  and  both  bottles  will  be 
difcharged. 

6.  Vary  the  experiment,  by  charging  two  phials 
equally,  one  through  the  hook,  the  other  through  the 
coating :  hold  that  by  the  coating  which  was  charged 
through  the  hook  >  and  that  by  the  hook  which  was 
charged  through  the  coating ;  apply  the  hook  of  the 


*  This  was  a  Diicovery  of  the  very  ingenious  Mr.  Kinturfley ,  and  by 
him  communicated  to  me* 


firft 


*3 


Obfervations  on  Electricity. 

firft  to  the  coating  of  the  other,  and  there  will  be  no 
fhock  or  fpark.  Set  that  down  on  glafs  which  you 
held  by  the  hook,  take  it  up  by  the  coating,  and 
bring  the  two  hooks  together :  a  fpark  and  (hock  will 
follow,  and  both  phials  be  difcharged. 

In  this  experiment  the  bottles  are  totally  difcharged, 
or  the  equilibrium  within  them  reftored.  The  abound¬ 
ing  of  fire  in  one  of  the  hooks  (or  rather  in  the  inter¬ 
nal  furface  of  one  bottle)  being  exactly  equal  to  the 
'wanting  of  the  other :  and  therefore,  as  each  bottle 
has  in  itfelf  the  abounding  as  well  as  the  wanting ,  the 
wanting  and  abounding  muft  be  equal  in  each  bottle. 
See  §.  8,  9,  10,  11.  But  if  a  man  holds  in  his  hands 
two  bottles,  one  fully  electrified,  the  other  not  at  all, 
and  brings  their  hooks  together,  he  has  but  half  a 
fhock,  and  the  bottles  will  both  remain  half  electri¬ 
fied,  the  one  being  half  difcharged,  and  the  other  half 
charged. 

7.  Place  two  phials  equally  charged  on  a  table  at 
five  or  fix  inches  diftance.  Let  a  cork-ball,  fufpended 
by  a  filk  thread,  hang  between  them.  If  the  phials 
were  both  charged  through  their  hooks,  the  cork, 
when  it  has  been  attracted  and  repelled  by  the  one, 
will  not  be  attracted,  but  equally  repelled  by  the 
other.  But  if  the  phials  were  charged,  the  one  through 
the  hook,  and  the  other  *  through  the  coating,  the 


*  To  charge  a  bottle  commodioufly  through  the  coating,  place  it  on 
a  glafs  ftand ;  form  a  communication  from  the  prime  condu&or  to  the 
coating,  and  another  from  the  hook  to  the  wall  or  floor.  When  it  is 
charged,  remove  the  latter  communication  before  you  take  hold  of  the 
bottle,  otherwife  great  part  of  the  fire  will  efcape  by  it. 


ball, 
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ball,  when  it  is  repelled  from  one  hook,  will  be  as 
ftrongly  attracted  by  the  other, r  apd  play  igoroufly 
between  them,  fetching  the  eleCtric  fluid  from  the  one, 
and  delivering  it  to  the  other,  till  both  phials  are 
nearly  difcharged. 

8.  When  we  ufe  the  terms  of  charging  and, dijckarging 
the  phial,  it  is  in  compliance  with  cuftora,  and  for 
want  of  others  more  fuitable.  Since  we  are  of  opinion 
that  there  is  really  no  more  elefitrical  fire  in  the  phial 
after  what  is  called  its  charging ,  than  before,  nor  lefs 
after  its  difcharging ;  excepting  only  the  fmall  fpark 
that  might  be  given  to,  and  taken  from  the  non-ele£tric 
matter,  if  feparated  from  the  bottle,  which  fpark  may 
not  be  equal  to  a  five  hundredth  part  of  what  is  called 
the  explofion. 

For  if,  on  the  explofion,  the  electrical  fire  came  out 
of  the  bottle  by  one  part,  and  did  not  enter  in  again 
by  another,  then,  if  a  man,  Handing  on  wax,  and 
holding  the  bottle  in  one  hand,  takes  the  fpark  by 
touching  the  wire  hook  with  the  other,  the  bottle  be¬ 
ing  thereby  difcharged ,  the  man  would  be  charged  or 
whatever  .fire  was  loft  by  one,  would  be  found  in  the 
other,  fmce  there  was  no  way  for  its  efcape  :  But  the 
contrary  is  true. 

9.  Befides,  the  phial  will  not  fuffer  what  is  called  a 
charging ,  unlefs  as  much  fire  can  go  out  of  it  one  way, 
as  is  thrown  in  by  another.  A  phial  cannot  be  charged 
Handing  on  wax  or  glafs,  or  hanging  on  the  prime 
eonduftor,  unlefs  a  communication  be  formed  between 
its  coating  and  the  floor. 


10.  But 
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10.  But  fufpend  two  or  more  phials  on  the  prime 
conductor,  one  hanging  on  the  tail  of  the  other  ;  and 
a  wire  from  the  laft  to  the  floor,  an  equal  number  of 
turns  of  the  wheel  fliall  charge  them  all  equally,  and 
every  one  as  much  as  one  alone  would  have  been. 
What  is  driven  out  at  the  tail  of  the  firft,  ferving  to 
charge  the  fecond ;  what  is  driven  out  of  the  fecond 
charging  the  third  ;  and  fo  on.  By  this  means  a  great 
number  of  bottles  might  be  charged  with  the  fame  la¬ 
bour,  and  equally  high,  with  one  alone,  were  it  not 
that  every  bottle  receives  new  fire,  and  lofes  its  old 
with  fome  reluctance,  or  rather  gives  fome  fmall  re- 
fiftance  to  the  charging,  which  in  a  number  of  bottles 
becomes  more  equal  to  the  charging  power,  and  fo  re¬ 
pels  the  fire  back  again  on  the  globe,  fooner  in  pro¬ 
portion  than  a  fmgle  bottle  would  do. 

11.  When  a  bottle  is  charged  in  the  common  way, 
its  infide  and  outfide  furfaces  ftand  ready,  the  one  to  give 
fire  by  the  hook,  the  other  to  receive  it  by  the  coating; 
the  one  is  full,  and  ready  to  throw  out,  the  other 
empty  and  extremely  hungry ;  yet  as  the  firft  will  not 
give  out ,  unlefs  the  other  can  at  the  fame  inftant  receive 
in  ;  fo  neither  will  the  latter  receive  in,  unlefs  the  firft 
can  at  the  fame  inftant  give  out.  When  both  can  be 
done  at  once,  it  is  done  with  inconceivable  quicknefs 
and  violence. 

>12.  So  a  ftrait  fpring  (though  the  companion  does 
not  agree  in  every  particular)  when  forcibly  bent,  muft, 
to  reftore  itfclf,  contrail  that  fide  which  in  the  bend¬ 
ing  was  extended,  and  extend  that  which  was  con- 
trailed  ;  if  either  of  thefe  two  operations  be  hindered, 
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the  other  cannot  be  done.  But  the  fpring  is  not  faid 
to  be  charg'd  with  elafticity  when  bent,  and  difcharged 
when  unbent  >  its  quantity  of  elafticity  is  always  the 
fame. 

13  Glafs,  in  like  manner,  has,  within  its  fubftance, 
always  the  fame  quantity  of  eleftrical  fire,  and  that  a 
very  great  quantity  in  proportion  to  the  mafs  of  glafs, 
as  fball  be  fhewn  hereafter. 

14.  This  quantity,  proportioned  to  the  glafs,  it 
ftrongly  and  obftinately  retains,  and  will  have  nei¬ 
ther  more  nor  lefs  though  it  will  fuffer  a  change  to  be 
made  in  its  parts  and  fituation  ;  i.  e .  we  may  take  away 
part  of  it  from  one  of  the  fides,  provided  we  throw  an 
equal  quantity  into  the  other. 

15.  Yet  when  the  fituation  of  the  electrical  fire  is 
thus  altered  in  the  glafs ;  when  feme  has  been  taken 
from  one  fide,  and  fame  added  to  the  other,  it  will 
not  be  at  reft  or  in  its  natural  ftate,  till  it  is  reftored 
to  its  original  equality. — And  this  reftitution  cannot 
be  made  through  the  fubftance  of  the  glafs,  but  muft 
be  done  by  a  non-ele£tric  communication  formed  with¬ 
out,  from  furface  to  furface.. 

16.  Thus,  the  whole  force  of  the  bottle,  and  power 
of  giving  a  fhock,  is  in  the  glass  itself  ;  the  non- 
electrics  in  contaft  with  the  two  furfaces,  ferving  only 
to  give  and  receive  to  and  from  the  feveral  parts  of  the 
glafs ;  that  is,  to  give  on  one  fide,  and  take  away  from 
the  other. 

1 7.  This  was  difeovered  here  in  the  following  man¬ 
ner  :  Purpofing  to  analyfe  the  eleftrified  bottle,  in  or¬ 
der  to  find  wherein  its  ftrength  lay,  we  placed  it  on 

glafs. 
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glafs,  and  drew  out  the  cork  and  wire  which  for  that 
purpofe  had  been  loofely  put  in.  Then  taking  the 
bottle  in  one  hand,  and  bringing  a  finger  of  the  other 
near  its  mouth,  a  ftrong  fpark  came  from  the  water, 
and  the  fhock  was  as  violent  as  if  the  wire  had  re¬ 
mained  in  it,  which  fhewed  that  the  force  did  not  lie 
in  the  wire.  Then  to  find  if  it  refided  in  the  water, 
being  crouded  into  and  condenfed  in  it,  as  confin’d  by 
the  glafs,  which  had  been  our  former  opinion,  we  elec¬ 
trified  the  bottle  again,  and  placing  it  on  glafs,  drew 
out  the  wire  and  cork  as  before  3  then  taking  up  the 
bottle,  we  decanted  all  its  water  into  an  empty  bottle, 
which  likewife  flood  on  glafs  3  and  taking  up  that  other 
bottle,  we  expedted,  if  the  force  refided  in  the  water, 
to  find  a  fhock  from  it  3  but  there  was  none.  Wc 
judged  then  that  it  mull  either  be  loft  in  decanting,  or 
remain  in  the  firft  bottle.  The  latter  we  found  to  be 
true  3  for  that  bottle  on  trial  gave  the  fhock,  though 
filled  up  as  it  flood  with  frefh  uneleflrified  water  from 
a  tea-pot. — To  find,  then,  whether  glafs  had  this  pro¬ 
perty  merely  as  glafs,  or  whether  the  form  contri¬ 
buted  any  thing  to  it  3  we  took  a  pane  of  fafh-glafs, 
and  laying  it  on  the  hand,  placed  a  plate  of  lead  on  its 
upper  furface  3  then  eleftrified  that  plate,  and  bring¬ 
ing  a  finger  to  it,  there  was  a  fpark  and  fhock.  We 
then  took  two  plates  of  lead  of  equal  dimenfions,  but 
lefs  than  the  glafs  by  two  inches  every  way,  and  elec¬ 
trified  the  glafs  between  them,  by  eledlrifying  the  up- 
permoft  lead  3  then  feparated  the  glafs  from  the  lead, 
in  doing  which,  what  little  fire  might  be  in  the  lead 
was  taken  out,  and  the  glafs  being  touched  in  the 

E  2  electrified 
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electrified  parts  with  a  finger,  afforded  only  very  final! 
pricking  fparks,  but  a  great  number  of  them  might 
be  taken  from  different  places.  Then  dextroufly 
placing  it  again  between  the  leaden  plates,  and  com- 
pleating  a  circle  between  the  two  furfaces,  a  violent 
fhock  enfued. — Which  demonftrated  the  power  to  re- 
fide  in  glafs  as  glafs,  and  that  the  non-eleftrics  in  con¬ 
tact  ferved  only,  like  the  armature  of  a  loadftone,  to 
unite  the  force  of  the  feveral  parts,  and  bring  them  at 
once  to  any  point  defired :  it  being  the,  property  of  a 
non-ele6tric,  that  the  whole  body  inftantly  receives,  or 
gives  what  eleftrical  fire  is  given  to  or  taken  from  any 
one  of  its  parts. 

1 8.  Upon  this  we  made  what  we  called  an  electrical- 
battery ,  confuting  of  eleven  panes  of  large  fafh-glafs, 
armed  with  thin  leaden  plates,  pafted  on  each  fide, 
placed  vertically,  and  fupportfed  at  two  inches  diflance 
on  filk  cords,  with  thick  hooks  of  leaden  wire,  one 
from  each  fide,  Handing  upright,  diftant  from  each 
other,  and  convenient  communications'  of  wire  and 
chain,  from  the  giving  fide  of  one  pane,  to  the  re¬ 
ceiving  fide  of  the  other  ;  that  fo  the  whole  might  be 
charged  together,  and  with  the  fame  labour  as  one 
fingle  pane  $  and  another  contrivance  to  bring  the 
giving  fides,  after  charging,  in  contaft  with  one  long 
wire,  and  the  receivers  with  another,  which  two  long 
wires  would  give  the  force  of  all  the  plates  of  glafs  at 
once  through  the  body  of  any  animal  forming  the  cir¬ 
cle  with  them.  The  plates  may  alfo  be  difcharged  fe- 
parately,  or  any  number  together  that  is  required.  But 
this  machine  is  not  much  ufed,  as  not  perfeftly  an- 

fwering 
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fwering  our  intention  with  regard  to  the  eafe  of 
charging,  for  the  reafon  given,  Sec.  io.  We  made 
alfo  of  large  glafs  panes,  magical  pictures,  and  felf- 
moving  animated  wheels,  prefently  to  be  defcribed. 

19.  I  perceive  by  the  ingenious  Mr.  Wat  fori  s  laid 
book,  lately  received,  that  Dr.  Bevis  had  ufed,  before 
we  had,  panes  of  glafs  to  give  a  fhock*;  though,  till 
that  book  came  to  hand,  I  thought  to  have  communi¬ 
cated  it  to  you  as  a  novelty.  The  excufe  for  mention¬ 
ing  it  here  is,  that  we  tried  the  experiment  differently, 
drew  different  confequences  from  it  (for  Mr.  Wat  fori  {foil 
feems  to  think  the  fire  accumulated  on  the  non-eleffiric  that 
is  in  contaft  with  the  glafs,  p.  72)  and,  as  far  as  we 
hitherto  know,  have  carried  it  farther. 

20.  The  magical  picture  -f  is  made  thus.  Having  a 
large  metzotinto  with  a  frame  and  glafs,  fuppofc  of  the 
King  (God  prefervehim)  take  out  the  print,  and  cut  a 
pannel  out  of  it  near  two  inches  diftant  from  the  frame 
all  round.  If  the  cut  is  through  the  picture  it  is  not 
the  worfe.  With  thin  pafte,  or  gum  water,  fix  the 
border  that  is  cut  off  on  the  infide  the-  glafs,  preffing  it 
fmooth  and  clofe;  then  fill  up  the  vacancy  by  gilding 
the  glafs  well  with  leaf  gold,  or  brafs.  Gild  Kkewife 
the  inner  edge  of  the  back  of  the  frame  all  round, 
except  the  top  part,  and  form  a  communication  be¬ 
tween  that  gilding  and  the  gilding  behind  the  glafs  : 
then  put  in  the  board,  and  that  fide  is  finiflied-.  Turn 


*  I  have  finee  heard  that  Mr.  Smeaton 
panes  of  glafs  for  that  purpofe. 
f  Contrived  by  Mr.  Kinnerjley* 


was  the  firft  who  made  ufe  cf 


1 
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up  the  glafs,  and  gild  the  fore  fide  exaftly  over  the 
back  gilding,  and  when  it  is  dry,  cover  it,  by  parting 
on  the  pannel  of  the  pitture  that  hath  been  cut  out, 
obferving  to  bring  the  correfpondent  parts  of  the  bor¬ 
der  and  pifture  together,  by  which  the  pidture  will 
appear  of  a  piece,  as  at  firft,  only  part  is  behind  the 
glafs,  and  part  before.  Hold  the  picture  horizontally 
by  the  top,  and  place  a  little  moveable  gilt  crown  on 
the  king’s  head.  If  now  the  picture  be  moderately 
electrified,  and  another  perfon  take  hold  of  the  frame 
with  one  hand,  fo  that  his  fingers  touch  its  infide 
gilding,  and  with  the  other  hand  endeavour  to  take  oft' 
the  crown,  he  will  receive  a  terrible  blow’,  and  fail  in 
the  attempt.  If  the  picture  were  highly  charged,  the 
confequence  might  perhaps  be  as  fatal  *  as  that  of 
high  treafon,  for  when  the  fpark  is  taken  through  a 
quire  of  paper  laid  on  the  picture  by  means  of  a  wire 
communication,  it  makes  a  fair  hole  through  every 
Iheet,  that  is,  through  forty-eight  leaves,  though  a 
quire  of  paper  is  thought  good  armour  againft  the 
pufh  of  a  fword,  or  even  againft  a  piftol  bullet,  and 
the  crack  is  exceeding  loud.  The  operator,  who  holds 
the  pidture  by  the  upper  end,  where  the  infide  of  the 
frame  is  not  gilt,  to  prevent  its  falling,  feels  nothing 
of  the  fliock,  and  may  touch  the  face  of  the  pidture 
without  danger,  which  he  pretends  is  a  teft  of  his 
loyalty. — If  a  ring  of  perfons  take  the  fliock  among 
them,  the  experiment  is  called,  The  Conspirators. 

*  We  have  fince  found  it  fatal  to  fmall  animals,  though  not  to  large 
ones.  The  biggeft  we  have  yet  killed  is  a  hen.  1 750. 
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2 1 .  On  the  principle,  in  Sec.  7,  that  hooks  of  bot¬ 
tles,  differently  charged,  will  attraft  and  repel  dif¬ 
ferently,  is  made  an  eledtrical  wheel,  that  turns  with 
confiderable  ftrength.  A  fmall  upright  fhaft  of  wood 
paffes  at  right  angles  through  a  thin  round  board,  of 
about  twelve  inches  diameter,  and  turns  on  a  fharp 
point  of  iron,  fixed  in  the  lower  end,  while  a  ftrong 
wire  in  the  upper  end,  pafTmg  through  a  fmall  hole  in 
a  thin  brafs  plate,  keeps  the  fhaft  truly  vertical. 
About  thirty  radii  of  equal  length,  made  of  fafh  glafs, 
cut  in  narrow  flrips,  iffue  horizontally  from  the  cir¬ 
cumference  of  the  board,  the  ends  mod:  diftant  from 

» 

the  center,  being  about  four  inches'  apart.  On  the 
end  of  every  oney  a  brals  thimble  is  fixed.  If  now 
the  wire  of  a  bottle  electrified  in  the  common  way,  be 
brought  near  the  circumference  of  this  wheel,  it  will 
attract  the  nearefl  thimble,  and  fo  put  the  wheel  in 
motion ;  that  thimble,  in  pafling  by,  receives  a  fpark, 
and  thereby  being  electrified  is  repelled,  and  fo  driven 
forwards  •  while  a  fecond  being  attracted,  approaches 
the  wire,  receives  a  fpark,  and  is  driven  after  the  firft, 
and  fo  on  till  the  wheel  has  gone  once  round,  when 
the  thimbles  before  eledtrified  approaching  the  wire, 
inftead  of  being  attracted  as  they  were  at  firft,  are.  re¬ 
pelled,  and  t  he  motion  prefently  ceafes. — But  if  ano¬ 
ther  bottle,  which  had  been  charged  through  the  coat¬ 
ing,  be  placed  near  the  fame  wheel,  its  wire  will  at¬ 
tract  the  thimble  repelled  by  the  firft,  and  thereby 
double  the  force  that  carries  the  wheel  round  ;  and 
not  only  taking  out  the  fire  that  had.  been  communi¬ 
cated 
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cated  to  the  thimbles  by  the  firft  bottle,  but  even 
robbing  them  of  their  natural  quantity,  inftead  of 
being  repelled  when  they  come  again  towards  the  firft 
bottle,  they-  are  more  ftrongly  attracted,  fo  that  the 
wheel  mends  its  pace,  till  it  goes  with  great  rapidity 
twelve  or  fifteen  rounds  in  a  minute,  and  with  fuch 
ftrength,  as  that  the  weight  of  one  hundred  Spanijh 
dollars  with  which  we  once  loaded  it,  did  not  feem  in 
the  ieaft  to  retard  its  motion. — This  is  called  an 
ele&rical  jack  ;  and  if  a  large  fowl  were  fpitted  on 
the  upright  fhaft,  it  would  be  carried  round  before 
a  fire  with  a  motion  fit  for  roafting. 

22,  But  this  wheel,  like  thofe  driven  by  wind, 
water,  or  weights,  moves  by  a  foreign  force,  to  wit, 
that  of  the  bottles.  The  felf-moving  wheel,  though 
conftrudted  on  the  fame  principles,  appears  more  fur- 
prifing.  ’Tis  made  of  a  thin  round  plate  of  window 
glafs,  feventeen  inches  diameter,  well  gilt  on  both 
fides,  all  but  two  inches  next  the  edge.  Two  fmall 
hemifpheres  of  wood  are  then  fixed  with  cement  to 
the  middle  of  the  upper  and  under  fides,  centrally 
oppofite,  and  in  each  of  them  a  thick  ftrong  wire 
eight  or  ten  inches  long,  which  together  make  the 
axis  of  the  wheel.  It  turns  horizontally  on  a  point  at 
the  lower  end  of  its  axis,  which  refts  on  a  bit  of  brafs 
cemented  within  a  glafs  falt-celiar.  The  upper  end  of 
.its  axis  pafles  through  a  hole  in  a  thin  brafs  plate 
cemented  to  a  long  ftrong  piece  of  glafs,  which  keeps 
it  fix  or  eight  inches  diftant  from  any  non-ele£tric,  and 
has  a  fmall  ball  of  wax  or  metal  on  its  top,  to 

keep 
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keep  in  the  fire.  In  a  circle  on  the  table  which  fup- 
ports  the  wheel,  are  fixed  twelve  fmall  pillars  of  glafs, 
at  about  four  inches  diftance,  with  a  thimble  on  the 
top  of  each.  On  the  edge  of  the  wheel  is  a  fmall  leaden 
bullet,  communicating  by  a  wire  with,  the  gilding  of  the 
upper  furface  of  the  wheel ;  and  about  fix  inches  from  it 
is  another  bullet,  communicating  in  like  manner  with 
the  under  furface.  When  the  wheel  is  to  be  charged  by 
the  upper  furface,  a  communication  muft  be  made 
from  the  under  furface  to  the  table.  When  it  is  well 
charged  it  begins  to  move  ;  the  bullet  neareft  to  a  pil¬ 
lar  moves  towards  the  thimble  on  that  pillar,  and  pal¬ 
ling  by  eleftrifies  it,  and  then  pufiies  itfelf  from  it  • 
the  fucceeding  bullet,  which  communicates  with  the 
other  furface  of  the  glafs,  more  ftrongly  attracts  that 
thimble,  on  account  of  its  being  before  electrified  by 
the  other  bullet ;  and  thus  the  wheel  encreafes  its  mo¬ 
tion  till  it  comes  to  fuch  a  height  as  that  the  refiftance 
of  the  air  regulates  it.  It  will  go  half  an  hour,  and 
make  one  minute  with  another  twenty  turns  in  a  mi¬ 
nute,  which  is  fix  hundred  turns  in  the  whole;  the 
bullet  of  the  upper  furface  giving  in  each  turn  twelve 
fparks  to  the  thimbles,  which  makes  feven  thoufand 
two  hundred  fparks  :  and  the  bullet  of  the  under  fur¬ 
face  receiving  as  many  from  the  thimbles;  thofe  bullets 
moving  in  the  time  near  two  thoufand  five  hundred 
feet. — The  thimbles  are  well  fixed,  and  in  fo  exaft  a 
circle,  that  the  bullets  may  pafs  within  a  very  fmall 
diftance  of  each  of  them.— If  inftead  of  two  bullets 
you  put  eight,  four  communicating  with  the  upper 

F  furface. 
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furface,  and  four  with  the  under  furface,  placed  alter¬ 
nately  j  which  eight,  at  about  fix  inches  diftance, 
completes  the  circumference,  the  force  and  fwiftnefs 
will  be  greatly  increafed,  the  wheel  making  fifty  turns 
in  a  minute  ;  but  then  it  will  not  continue  moving  fa 
long. — Thefe  wheels  may  be  applied,  perhaps,  to  the 
ringing  of  chimes  and  moving  of  light-made  or¬ 
reries. 

23.  A  fmall  wire  bent  circularly,  with  a  loop  at 
each  end ;  let  one  end  reft  againft  the  under  furface  of 
the  wheel,  and  bring  the  other  end  near  the  upper 
furface,  it  will  give  a  terrible  crack,  and  the  force  will 
be  difcharged. 

24.  Every  fpark  in  that  manner  drawn  from  the 
furface  of  the  wheel,  makes  a  round  hole  in  the  gild¬ 
ing,  tearing  off  a  part  of  it  in  coming  out ;  which 
fhews  that  the  fire  is  not  accumulated  on  the  gilding, 
but  is  in  the  glafs  itfelf. 

25.  The  gilding  being  varnifhed  over  with  turpen¬ 
tine  varnifh,  the  varnifh,  though  dry  and  hard,  is  burnt 
by  the  fpark  drawn  through  it,  and  gives  a  ftrong  fmell 
and  vifible  fmoke.  And  when  the  fpark  is  drawn  thro’ 
paper,  all  round  the  hole  made  by  it,  the  paper  will 
be  blacked  by  the  fmoke,  which  fometimes  penetrates 
feveral  of  the  leaves.  Part  of  the  gilding  torn  off  is 
alfo  found  forcibly  driven  into  the  hole  made  in  the 
paper  by  the  ftroke. 

This  was  afterwards  done  with  fuccefs  by  Mr,  Kinnerjfey . 
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26.  It  is  amazing  to  obferve  in  how  {mall  a  portion 
of  glafs  a  great  ekftrical  for-ce  may  lie.  A  thin  glaft 
bubble,  about  an  inch  diameter,  weighing  only  ;ix 
grains,  being  half  filled  with  water,  partly  gilt  on  tin 
outfide,  and  furniflvd  with  a  wire  hook,  gives,  when 
electrified,  as  great  a  fhock  as  a  man  can  well  bear. 
As  the  glafs  is  thickeft  near  the  orifice,  I  juppofe  the 
lower  half,  which  being  gilt  was  electrified  and  gave 
the  fhock,  did  not  exceed  two  grains  ;  for  it  appeared, 
when  broken,  much  thinner  than  the  upper  half, ---.If* 
one  of  thefe  thin  bottles  be  eleftrified  by  the  coating, 
and  the  fpark  taken  out  through  the  gilding,  it  will 
break  the  glafs  inwards,  at  the  lame  time  that  it  breaks 
the  gilding  outwards. 

27.  And  allowing  (for  the  reafons  before  given,  §  8, 
9,  10.)  that  there  is  no  more  electrical  fire  in  a  bottle 
after  charging,  than  before,  how  great  muft  be  the 
quantity  in  this  fmall  portion  of  glafs !  It  Poems  as  i i 
it  were  of  its  very  fubftance  and  efience.  Perhaps  if 
that  due  quantity  of  electrical  fire  fo  obftinatel-y  re¬ 
tained  by  glafs,  could  be  feparated  from  it,  it  would 
no  longer  be  glafs ;  it  might  lofe  its  tranfparency,  or 
its  brittlenefs,  or  its  elafticity.— Experiments  may  pof- 
fibly  be  invented  hereafter,  to  difeover  this. 

27.  We  were  furprifed  at  the  account  given  in  Mr. 
Wat  fori  s  book,  of  a  fhock  communicated  through  a 
great  fpace  of  dry  ground,  and  fufpect  there  muft  be 
fome  metalline  quality  in  the  gravel  of  that  ground  ; 
having  found  that  Ample  dry  earth,  rammed  in  a  glafs 
tube,  open  at  both  ends,  and  a  wire  hook  inferred  in 
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the  earth  at  each  end,  the  earth  and  wires  making  part 
of  a  circuit,  would  not  conduCt  the  lead:  perceptible 
fhock,  and  indeed  when  one  wire  was  electrified  the 
other  hardly  fhewed  any  figns  of  its  being  in  connec¬ 
tion  with  it  Even  a  thoroughly  wet  packthread 
fometimes  fails  of  conducing  a  fhock,  though  it 
other  wife  conduCts  eleCtricity  very  well.  A  diy  cake 
of  ice,  or  an  icicle  held  between  two  in  a  circle,  like- 
wife  prevents  the  fhock,  which  one  would  not  expeCt, 
as  water  conduCts  it  fo  perfectly  well. — Gilding  on  a 
new  book,  though  at  firft  it  conduCts  the  fhock  ex¬ 
tremely  well,  yet  fails  after  ten  or  a  dozen  experiments, 
though  it  appears  otherwife  in  all  refpeCts  the  fame, 
which  we  cannot  account  for  *fc 

28.  There  is  one  experiment  more  which  furprifes 
us,  and  is  not  hitherto  fatisfaCtorily  accounted  for ; 
it  is  this :  Place  an  iron  fhot  on  a  glafs  ftand,  and  let 
a  ball  of  damp  cork,  fufpended  by  a  filk  thread,  hang 
in  contaCt  with  the  fhot.  Take  a  bottle  in  each 
hand,  one  that  is  eleCtrified  through  the  hook,  the 
other  through  the  coating  :  Apply  the  giving  wire  to 
the  fhot,  which  will  eleCtrify  it  poJitivelyy  and  the  cork 

*  Probably  the  ground  is  never  fo  dry. 

f  We  afterwards  found  that  it  failed  after  one  ftroke  with  a  large  bottle  ; 
and  the  continuity  of  the  gold  appearing  broken,  and  many  of  its  parts  dif- 
iipated,  the  electricity  could  not  pafs  the  remaining  parts  without  leaping 
from  part  to  part  through  the  air,  which  always  refifis  the  motion  of  this 
fluid,  and  was  probably  the  caufe  of  the  gold’s  not  conducting  fo  well  as 
before  ;  the  number  of  interruptions  in  the  line  of  gold,  making,  when 
added  together,  a  fpace  larger  perhaps  than  the  {hiking,  diftance. 
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(hall  be  repelled :  then  apply  the  requiring  wire,  which 
will  take  out  the  fpark  given  by  the  other ;  when  the 
cork  will  return  to  the  fhot:  Apply  the  fame  again, 
and  take  out  another  fpark,  fo  will  the  fhot  be  eleftri- 
fied  negatively ,  and  the  cork  in  that  cafe  (hall  be  re¬ 
pelled  equally  as  before.  Then  apply  the  giving  wire 
to  the  fhot,  and  give  the  fpark  it  wanted,  fo  will  the 
cork  return  :  Give  it  another,  which  will  be  an  addi¬ 
tion  to  its  natural  quantity,  fo  will  the  cork  be  re¬ 
pelled  again:  And  fo.may  the  experiment  be  repeated 
as  long  as  there  is  any  charge  in  the  bottles.  Which 
lhews  that  bodies  having  lefs  than  the  common  quan¬ 
tity  of  ele&ricity,  repel  each  other,  as  well  as  thofe 
that  have  more. 

Chagrined  a  little  that  we  have  been  hitherto  able  to 
produce  nothing  in  this  way  of  ufe  to  mankind ;  and 
the  hot  weather  coming  on,  when  eledtrical  experi¬ 
ments  are  not  fo  agreeable,  it  is  propofed  to  put  an 
end  to  them  for  this  feafon,  fomewhat  humoroufly,  in 
a  party  of  pleafure,  on  the  banks  of  Skuylkil  *.  Spi¬ 
rits,  at  the  fame  time,  are  to  be  fired  by  a  fpark  lent 
from  fide  to  fide  through  the  river,  without  any  other 
conductor  than  the  water ;  an  experiment  which  we 
fome  time  fmce  performed,  to  the  amazement  of  many 


*  The  river  that  wafties  one  fide  of  Philadelphia ,  as  the  Delaware  does 
the  other  ;  both  are  ornamented  with  the  fummer  habitations  of  the  citi¬ 
zens,  and  the  agreeable  mantions  of  the  principal  people  of  this  colony. 

f  As  the  poflibility  of  this  experiment  has  not  been  eafilv  conceived^ 
I  {hall  here  defcribe  it. — Two  iron  rods,  about  three  feet  long,  were  planted 
juft  within  the  margin  of  the  river,  on  the  oppoftte  fi$ies.  A  thick  piece  of 
wire,  with  a  fma’l  round  knob  at  its  end,  was  fixed  on  the  top  of  one  of  the 
rods,  bending  downwards,  fo  as  to  deliver  cornmodioully  the  fpark  upon  the 

fun  ace 
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A  turkey  is  to  be  killed  for  our  dinner  by  the  deBrical 
Jhocky  and  roafted  by  the  eleBrical  jack ,  before  a  fire 
kindled  by  the  electrified  bottle :  when  the  healths  of  al] 
the  famous  electricians  in  England ,  Holland ,  France ,  and 
Germany  are  to  be  drank  in  *  eleBrified  bumpers ,  under 
the  difcharge  of  guns  from  the  cleBrical  battery . 

furface  of  the  fpirit.  A  fmall  wire  fattened  by  one  end  to  the  handle  of  the 
fpoon,  containing  the  fpirit,  was  carried  a-crofs  the  river,  and  fupported  in 
the  air  by  the  rope  commonly  ufed  to  hold  by,  in  drawing  the  ferry-boats 
over.  The  other  end  of  this  wire  was  tied  round  the  coating  of  the  bottle  ; 
which  being  charged,  the  fpark  was  delivered  from  the  hook  to  the  top  of  the 
rod  {landing  in  the  water  on  that  fide.  At  the  fame  inftant  the  rod  on  the 
other  fide  delivered  a  fpark  into  the  fpoon,  and  fired  the  fpirit.  The  electric 
fire  returning  to  the  coating  of  the  bottle,  through  the  handle  of  the  fpoon 
and  the  fupported  wire  connedfed  with  them. 

That  the  electric  fire  thus  a  cl  u  ally  paffes  through  the  water,  has  fince 
been  fatisfadlorily  demonftrated  to  many  by  an  experiment  of  Mr.  Kinner- 
Jlef  s,  performed  in  a  trough  of  water  about  ten  feet  long.  The  hand  being 
placed  under  water  in  the  direclion  of  the  fpark  (which  always  takes  the 
ftrait  or  fhcrtett  courfe,  if  fufficient,  and  other  circumftances  are  equal)  is 
ilruck  and  penetrated  by  it  as  it  pafTes. 

*  An  elettrified  bumper  is  a  fmall  thin  glafs  tumbler,  nearly  filled  with 
wine,  and  eledtrified  as  the  bottle.  This  when  brought  to  the  lips  gives  a 
Chock,  if  the  party  be  clofe  fhaved,  and  does  not  breath  on  the  liquor. 
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LETTER  V. 

CONTAINING 

Jk  -m—  «.  ,  V  4 

OBSERVATIONS  and  SUPPOSITIONS, 

towards  forming  a  i7ew  Hyhothesis,  for  ex¬ 
plaining  the  fever al  Phenomena  of  Thun¬ 
der-Gusts  *. 


5  1  R, 


TOn-electric  bodies,  that  have  electric  fire 
thrown  into  them,  will  retain  it  till  other 
non-cle6trics,  that  have  lefs,  approach;  and  then  it  is 
communicated  by  a  fnap,  and  becomes  equally  divided. 

2.  Eledtrical  fire  loves  water,  is  ftrongly  attracted 
by  it,  and  they  can  fubfift  together. 

3.  Air  is  an  electric  per  fe,  and  when  dry  will  not 
condudt  the  eledtrical  fire  ;  it  will  neither  receive  it, 
nor  give  it  to  other  bodies ;  otherwife  no  body  fur- 
rounded  by  air,  could  be  eledtrified  pofitively  and  ne- 


*  Thu  ider-gufts  are  hidden  {forms  of  thunder  and  lightning,  which 
are  frequently  of  (hort  duration,  but  fometimcs  produce  mifchievous  effe&s. 

gatively : 
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gatively :  for  fhould  it  be  attempted  pofitively,  the 
air  would  immediately  take  away  the  overplus ;  or  ne¬ 
gatively,  the  air  would'fupply  what  was  wanting. 

4.  Water  being  eleCtrified,  the  vapours  arifmg  from 
it  will  be  equally  electrified  5  and  floating  in  the  air, 
in  the  form  of  -clouds,  or  otherwiTe,  will  retain  that 
quantity  of  elefitrical  fire,  till  they  meet  with  other 
clouds  or  bodies  not  fo  much  electrified,  and  then  will 
communicate  as  before-mentioned. 

5.  Every  particle  of  matter  eleCtrified  is  repelled  by 
every  other  particle  equally  eleCtrified.  Thus  the  ft  ream 
of  a  fountain,  naturally  denfe  and  continual,  when 
electrified,  will  feparate  and  fpread  in  the  form  of  a 
brufh,  every  drop  endeavouring  to  recede  from  every 
other  drop.  But  on  taking  out  the  electrical  fire  they 
clofe  again. 

6.  Water  being  ftrongly  eleCtrified  (as  well  as  when 
heated  by  common  fire)  rifes  in  vapours  more  co- 
pioufly  j  the  attraction  of  cohefion  among  its  parti¬ 
cles  being  greatly  weakened,  by  the  oppofite  power  of 
repulfion  introduced  with  the  eleCtrical  fire  ;  and  when 
any  particle  is  by  any  means  difengaged,  it  is  imme¬ 
diately  repelled,  and  fo  flies  into  the  air. 

7.  Particles  happening  to  be  fituated  as  A  and  B , 
(Fig.  VI.  reprejenting  the  profile  ofi  a  vejjel  of  water)  are 
more  eafily  difengaged  than  C  and  D,  as  each  is  held 
by  contaCt  with  three  onfy,  whereas  C  and  D  are  each 
in  contaCt  with  nine.  When  the  furface  of  the  water 
has  the  leaft  motion,  particles  are  continually  pufhed 
into  the  fituation  reprefented  by  A  and  B. 

Sx  FriCtion 
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8.  Friftion  between  a  non-eleftric  and  an  ele&ric 
per  fe  will  produce  electrical  fire  ;  not  by  creating ,  but 
colle&ing  it:  for  it  is  equally  diffufed  in  our  walls, 
floors,  earth,  and  the  whole  mafs  of  common  matter. 
Thus  the  whirling  glafs  globe,  during  its  fri&ion 
againft  the  cufhion,  draws  fire  from  the  cufhion,  the 
cufhion  is  fupplied  from  the  frame  of  the  machine, 
that  from  the  floor  on  which  it  ftands.  Cut  off 
the  communication  by  thick  glafs  or  wax,  placed 
under  the  cufhion,  and  no  fire  can  be  produced ,  be- 
caufe  it  cannot  be  collected. 

9.  The  ocean  is  a  compound  of  water,  a  non-elec¬ 
tric,  and  fait  an  eledtric  per  fe. 

10.  When  there  is  a  friftion  among  the  parts  near 
its  furface,  the  eleftrical  fire  is  collected  from  the  parts 
below.  It  is  then  plainly  vifible  in  the  night ;  it  ap¬ 
pears  at  the  ftern  and  in  the  wake  of  every  failing  vef- 
lel;  every  dafh  of  an  oar  fhews  it,  and  every  furf  and 
fpray  :  In  ftorms  the  whole  fea  feems  on  fire.— The 
detach’d  particles  of  water  then  repelled  from  the  elec¬ 
trified  furface,  continually  carry  off  the  fire  as  it  is 
collected ;  they  rife  and  form  clouds,  and  thofe  clouds 
are  highly  eleftrified,  and  retain  the  fire  till  they  have 
an  opportunity  of  communicating  it. 

11.  The  particles  of  water  rifing  in  vapours,  attach 
themfelves  to  particles  of  ain 

12.  The  particles  of  air  are  faid  to  be  hard,  round, 
feparate  and  dift ant  from  each  other ;  every  particle 
ftrongly  repelling  every  other  particle,  whereby  they 
recede  from  each  other,  as  far  as  common  gravity  will 
permit. 

it.  The 
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1 3 ..  The  fpace  between  any  three  particles  equally 
repelling  each  other,  will  be  an  equilateral  triangle. 

14.  In  air  comprefled,  thefe  triangles  are  fmaller  y  in 
ratified  air  they  are  larger. 

1  3.  Common  fire  joined  with  air,  increafes  the  re- 
puilion,  enlarges  the  triangles,  and  thereby  makes  the 
air  fpecifically  lighter.  Such  air,  among  denier  air, 
will  rife.  . 

16.  Common  fire,  as  well  as  eleChical  fire,  gives  re- 
pulfion  to  the  particles  of  water,  and  deftroys  their 
attraction  of  cohefion ;  hence  common  fire,  as  well  as: 
ele£trical  fire,  aififts  in  raifing  vapours. 

17.  Particles  of  water,  having  no  fire  in  them,  mu¬ 
tually  attraft  each  other.  Three  particles  of  water  then 
being  attached  to  the  three  particles  of  a  triangle  of 
air,  would  by  their  mutual  attraction  operating  againft 
the  air’s  repulfion,  fhorten  the  fides  and  leflen  the 
triangle,  whereby  that  portion  of  air  made  denfer, 
would  fink  to  the  earth  with  its  water,  and  not  rife  to 
the  formation  of  a  cloud. 

18.  But  if  every  particle  of  water  attaching  itfelf  to 
air,  brings  with  it  a  particle  of  common  fire,  the  re¬ 
pulfion  of  the  air  being  affifted  and  ftrengthened  by 
the  fire,  more  than  obftruCted  by  the  mutual  attraction 
of  the  particles  of  water,  the  triangle  dilates,  and 
that  portion  of  air  becoming  rarer  and  fpecifically 
lighter  rifes. 

19.  If  the  particles  of  water  bring  eleCtrical  fire 
when  they  attach  themfelves  to  air,  the  repulfion  be¬ 
tween  the  particles  of  water  eleCtrified,  joins  with  the 
natural  repulfion  of  the  air,  to  force  its  particles  to 
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a  greater  diftance,  whereby  the  triangles  are  dilated, 
and  the  airrifes,  carrying  up  with  it  the  water. 

20.  If  the  particles  of  water  bring  with  them  por¬ 
tions  of  both  forts  of  fire,  the  repulfion  of  the  particles 
of  air  is  ftill  more  ftrengthened  and  increafed,  and  the 
triangles  farther  enlarged. 

21.  One  particle  of  air  may  be  furrounded  by  twelve 
particles  of  water  of  equal  fize  with  itfelf,  all  in  con¬ 
tact  with  it ;  and  by  more  added  to  thofe. 

22.  Particles  of  air,  thus  loaded,  would  be  drawn 
nearer  together  by  the  mutual  attraction  of  the  par¬ 
ticles  of  water,  did  not  the  fire,  common  or  electrical, 
affift  their  repulfion. 

23.  If  air,  thus  loaded,  be  compreffed  by  adverfe 
winds,  or  by  being  driven  againft  mountains,  &c.  or 
condenfed  by  taking  away  the  fire  -  that  affifted  it  in  ex¬ 
panding  ;  the  triangles  contra6t,  the  air  with  its  water 
will  defcend  as  a  dew;  or,  if  the  water  furrounding 
one  particle  of  air  comes  in  contact  with  the  water 
furrounding  another,  they  coalefce  and  form  a  drop, 
and  we  have  rain. 

24.  The  fun  fupplies  (or  fee  ms  to  fupply)  common 
fire  to  vapours,  whether  raifed  from  earth  or  lea. 

25.  Thofe  vapours  which  have  both  common  and 
electrical  fire  in  them,  are  better  fupported,  than  thofe 
which  have  only  common  fire  in  them  ;  for  when 
vapours  rife  into  the  coldeft  region  above  the  earth, 
the  cold  will  not  diminilh  the  ele6trical  fire,  if  it  doth 
the  common. 

f  >  -  w/  A  «  « 
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26.  Hence  clouds  formed  by  vapours  raifed  from 
frelli  waters  within  land,  from  growing  vegetables, 
moift  earth,  &c.  more  fpeedily  and  eafily  depofite  their 
water,  having  but  little  eledtrical  fire  to  repel  and  keep 
the  particles  feparate.  So  that  the  greatefl  part  of  the 
water  raifed  from  the  land,  is  let  fall  on  the  land 
again  ;  and  winds  blowing  from  the  land  to  the  fea  are 
dry  3  there  being  little  ufe  for  rain  on  the  fea,  and  to 
rob  the  land  of  its  moiflure,  in  order  to  rain  on  the 
fea,  would  not  appear  reafonable. 

27.  But  clouds  formed  by  vapours  raifed  from  the 
fea,  having  both  fires,  and  particularly  a  great  quan¬ 
tity  of  the  eledtrical,  fupport  their  water  flrongly,  raife 
it  high,  and  being  moved  by  winds,  may  bring  it  over 
the  middle  of  the  broadefl  continent  from  the  middle 
of  the  widefl  ocean. 

28.  How  thefe  ocean  clouds,  fo  flrongly  fupporting 
their  water,  are  made  to  depofite  it  on  the  land  where 
it  is  wanted,  is  next  to  be  confidered. 

29.  If  they  are  driven  by  winds  againfl  mountains, 
thofe  mountains  being  lefs  eledtrified  attradl  them,  and 
on  contadt  take  away  their  eledtrical  fire  (and  being 
cold,  the  common  fire  alfo  ;)  hence  the  particles  clofe 
towards  the  mountains  and  towards  each  other.  If 
the  air  was  not  much  loaded,  it  only  falls  in  dews  on 
the  mountain  tops  and  fxdes,  forms  fprings,  and  de- 
fcends  to  the  vales  in  rivulets,  which  united,  make 
larger  ftreams  and  rivers.  If  much  loaded,  the  elec¬ 
trical  fire  is  at  once  taken  from  the  whole  cloud  ;  and, 
in  leaving  it,  flafhes  brightly  and  cracks  loudly  3  the 
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particles  inftantly  coalefcing  for  want  of  that  fire,  and 
falling  in  a  heavy  fhower. 

30.  When  a  ridge  of  mountains  thus  dams  the 
clouds,  and  draws  the  electrical  fire  from  the  cloud 
firft  approaching  it ;  that  which  next  follows,  when 
it  comes  near  the  firft  cloud,  now  deprived  of  its  fire, 
flaflies  into  it,  and  begins  to  depofite  its  own  water; 
the  firft  cloud  again  flafhing  into  the  mountains ; 
the  third  approaching  cloud,  and  all  fucceeding  ones, 
acting  in  the  fame  manner  as  far  back  as  they  ex¬ 
tend,  which  may  be  over  many  hundred  miles  of 
country. 

3 1 .  Hence  the  continual  ftorms  of  rain,  thunder, 
and  lightning  on  the  eaft  fide  of  the  Andes ,  which 
running  north  and  fouth,  and  being  vaftly  high,  in¬ 
tercept  all  the  clouds  brought  againft  them  from  the 
Atlantic  ocean  by  the  trade  winds,  and  oblige  them  to 
depofite  their  waters,  by  which  the  vaft  rivers  Ama¬ 
zons  ^  La  Plata ,  and  Orconoko  are  formed,  which  return 
the  water  into  the  fame  fea,  after  having  fertilized  a 
country  of  very  great  extent. 

32.  If  a  country  be  plain,  having  no  mountains  to 
intercept  the  electrified  clouds,  yet  it  is  not  without 
means  to  make  them  depofite  their  water.  For  if  an 
electrified  cloud  coming  from  the  lea,  meets  in  the  air 
a  cloud  raifed  from  the  land,  and  therefore  not  elec¬ 
trified  ;  the  firft  will  flafh  its  fire  into  the  latter,  and 
thereby  both  clouds  fhall  be  made  fuddenly  to  depofite 
water. 

33  The  electrified  particles  of  the  firft  cloud  clofe 
when  they  lofe  their  fire;  the  particles  of  the  other 

clouds 
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clouds  clofe  in  receiving  it :  in  both,  they  have  thereby 
an  opportunity  of  coalefcing  into  drops. — The  con- 
cuffion  or  jerk  given  to  the  air,  contributes  alfo  to 
fhake  down  the  water,  not  only  from  thofe  two  clouds, 
but  from  others  near  them.  Hence  the  fudden  fall  of 
rain  immediately  after  flafhes  of  lightning. 

34.  To  fhew  this  by  an  eafy  experiment:  Take  two 
round  pieces  of  pafteboard  two  inches  diameter ;  from 
the  center  and  circumference  of  each  of  them  fufpend 
by  fine  filk  threads  eighteen  inches  long,  feven  final! 
balls  of  wood,  or  feven  peas  equal  in  goodnefs :  fo  will 
the  balls  appending  to  each  pafteboard,  form  equal 
equilateral  triangles,  one  ball  being  in  the  center,  and 
fix  at  equal  diftances  from  that,  and  from  each  other  ; 
and  thus  they  reprefen t  particles  of  air.  Dip  both  fets 
in  water,  and  fome  adhering  to  each  ball,  they  will 
reprefent  air  loaded.  Dexteroufly  eleCtrify  one  fet,  and 
its  balls  will  repel  each  other  to  a  greater  diftance, 
enlarging  the  triangles.  Could  the  water  fupported 
by  feven  balls  come  into  contact,  it  would  form  a  drop 
or  drops  fo  heavy  as  to  break  the  cohefion  it  had  with 
the  balls,  and  fo  fall.  Let  the  two  fets  then  reprefent 
two  clouds,  the  one  a  Tea  cloud  electrified,  the  other 
a  land  cloud.  Bring  them  within  the  fphere  of  attrac¬ 
tion,  and  they  will  draw  towards  each  other,  and  you 
will  fee  the  feparated  balls  clofe  thus  ;  the  firft  electri¬ 
fied  ball  that  comes  near  an  unele&rified  ball  by  at¬ 
traction  joins  it,  and  gives  it  fire ;  inftantly  they  fepa- 
rate,  and  each  flies  to  another  ball  of  its  own  party, 
one  to  give,  the  other  to  receive  fire ;  and  fo  it  proceeds 
through  both  fets,  but  fo  quick  as  to  be  in  a  manner 
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inftantaneous.  In  the  cohefion  they  fhake  off  and  drop 
their  water,  which  reprefents  rain. 

35.  Thus  when  fca  and  land  clouds  would  pafs  at 
two  great  a  diftance  for  the  flafh,  they  are  attracted 
towards  each  other  till  within  that  diftance  :  for  the 
fphere  of  eleCtrical  attraction  is  far  beyorfd  the  diftance 
of  flafhing. 

36.  When  a  great  number  of  clouds  from  the  fea 
meet  a  number  of  clouds  raifed  from  the  land,  the 
eleCtrical  fiafhes  appear  to  ftrike  in  different  parts  ; 
and  as  the  clouds  are  joftled  and  mixed  by  the  winds, 
or  brought  near  by  the  eleCtrical  attraction,  they  con¬ 
tinue  to  give  and  receive  flafh  after  flafh,  till  the  elec¬ 
trical  fire  is  equally  diffufed. 

37.  When  the  gun-barrel,  (in  eleCtrical  experiments) 
has  but  little  eleCtrical  fire  in  it,  you  muft  approach  it 
very  near  with  your  knuckle  before  you  can  draw  a 
fpark.  Give  it  more  fire,  and  it  will  give  a  fpark  at  a 
greater  diftance.  Two  gun-barrels  united,  and  as 
highly  eleCtrified,  will  give  a  fpark  at  a  ftill  greater  dif¬ 
tance.  But  if  two  gun-barrels  electrified  will  ftrike  at 
two  inches  diftance,  and  make  a  loud  fnap,  to  what  a 
great  diftance  may  10,000  acres  of  electrified  cloud 
ftrike  and  give  its  fire,  and  how  loud  muft  be  that 
crack  ? 

38.  It  is  a  common  thing  to  fee  clouds  at  different 
heights  paffing  different  ways,  which  fhews  different 
currents  of  air  one  under  the  other.  As  the  air  be¬ 
tween  the  tropics  is  rarified  by  the  fun,  it  rifes,  the 
denfer  northern  and  fouthern  air  preffmg  into  its  place. 

The 
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The  air  fo  ratified  and  forced  up,  paffes  northward  and 
fouthward,  and  muft  defcend  in  the  polar  regions,  if  it 
has  no  opportunity  before,  that  the  circulation  may  be 
carried  on. 

39.  As  currents  of  air,  with  the  clouds  therein,  pafs 
different  ways,  tis  eafy  to  conceive  how  the  clouds, 
paffing  over  each  other,  may  attraft  each  other,  and  fo 
come  near  enough  for  the  eieftrical  ftroke.  And  alfo 
how  electrical  clouds  may  be  carried  within  land  very 
far  from  the  fea,  before  they  have  an  opportunity  to 
ftrike, 

40.  When  the  air,  with  its  vapours  raifed  from  the 
ocean  between  the  tropics,  comes  to  defcend  in  the 
polar  regions,  and  to  be  in  contadl  with  the  vapours 
arifmg  there,  the  eleftrical  fire  they  brought  begins  to 
be  communicated,  and  is  feen  in  clear  nights,  being 
firft  vifibie  where  ’tis  firft  in  motion,  that  is,  where 
the  contact  begins,  or  in  the  molt  northern  part  5 
from  thence  the  ftreams  of  light  feem  to  fhoot  fouther- 
1y,  even  up  to  the  zenith  of  northern  countries.  But 
though  the  light  feems  to  fhoot  from  the  north 
foutherly,  the  progrefs  of  the  fire  is  really  from  the 
fouth  northerly,  its  motion  beginning  in  the  north, 
being  the  reafon  that  ’tis  there  feen  firft. 

For  the  electrical  fire  is  never  vifibie  but  when  in 
motion,  and  leaping  from  body  to  body,  or  from  par¬ 
ticle  to  particle  through  the  air.  When  it  paffes  thro’ 
denfe  bodies  ’tis  unfcen.  When  a  wire  makes  part  of 
the  circle,  in  the  explofion  of  the  eleftrical  phial,  the 
fire,  though  in  great  quantity,  paffes  in  the  wire  invi- 
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fibly ;  but  in  paffing  along  a  chain,  it  becomes  vifible 
as  it  leaps  from  link  to  link.  In  paffing  along  leaf 
gilding  it  is  vifible :  for  the  leaf-gold  is  full  of  pores ; 
hold  a  leaf  to  the  light  and  it  appears  like  a  net, 
and  the  fire  is  feen  in  its  leaping  over  the  vacancies.— 
And  as  when  a  long  canal  filled  with  ftill  water  is 
opened  at  one  end,  in  order  to  be  difcharged,  the 
motion  of  the  water  begins  firft  near  the  opened  end, 
and  proceeds  towards  the  clofe  end,  though  the  water 
itfelf  moves  from  the  clofe  towards  the  opened  end  • 
fo  the  electrical  fire  difcharged  into  the  polar  regions, 
perhaps  from  a  thoufand  leagues  length  of  vaporifedair, 
appears  firft  where  it  is  firft  in  motion,  i.  e.  in  the 
moft  northern  part,  and  the  appearance  proceeds  fouth- 
ward,  though  the  fire  really  moves  northward.  This 
is  fuppofed  to  account  for  the  Aurora  Borealis . 

41.  When  there  is  great  heat  on  the  land,  in  a  par¬ 
ticular  region  (the  fun  having  fhone  on  it  perhaps  le- 
veral  days,  while  the  furrounding  countries  have  been 
fcreened  by  clouds)  the  lower  air  is  rarified  and  rifes, 
the  cooler  denfer  air  above  defcends  ;  the  clouds  in  that 
air  meet  from  all  fides,  and  join  over  the  heated  place; 
and  if  fome  are  electrified,  others  not,  lightning  and 
thunder  fucceed,  and  Ihowers  fall.  Hence  thunder- 
gufts  after  heats,  and  cool  air  after  gufts  ;  the  water 
and  the  clouds  that  bring  it,  coming  from  a  higher 
and  therefore  a  cooler  region. 

42.  An  electrical  fpark,  drawn  from  an  irregular 
body  at  fome  diftance  is  fcarce  ever  ftrait,  but  fliows 
crooked  and  waving  in  the  air.  So  do  the  flafhes  of 
lightning  ;  the  clouds  being  very  irregular  bodies. 

H  43.  As 
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43.  As  eleCtrified  clouds  pafs  over  a  country,  high 
hills  and  high  trees,  lofty  towers,  fpires,  marts,  of 
fhips,  chimneys,  &c.  as  fo  many  prominencies  and 
points,  draw  the  eleftrical  fire,  and  the  whole  cloud 
difcharges  there. 

44.  Dangerous,  therefore,  is  it  to  take  flicker  under 
a  tree,  during  a  thunder-guft.  It  has  been  fatal  to 
many,  both  men  and  hearts. 

45.  It  is  fafer  to  be  in  the  open  field  for  another 
reafon.  When  the  cloaths  are  wet,  if  a  flafh  in  its 
way  to  the  ground  fliould  ftrike  your  head,  it  may  run 
in  the  water  over  the  furface  of  your  body  •  whereas, 
if  your  cloaths  were  dry,  it  would  go  through  the 
body,  becaufe  the  blood  and  other  humours,  contain¬ 
ing  fo  much  water,  are  more  ready  conductors. 

Hence  a  wet  rat  cannot  be  killed  by  the  exploding 
eleCtrical  bottle,  when  a  dry  rat  may  *. 

46.  Common  fire  is  in  all  bodies,  more  or  lefs,  as 
well  as  eleCtrica!  fire.  Perhaps  they  may  be  different 
modifications  of  the  fame  element ;  or  they  may  be 
different  elements.  The  latter  is  by  fome  fufpeCted. 

47.  If  they  are  different  things,  yet  they  may  and 
do  fubfirt  together  in  the  fame  body. 

48.  When  eleCtrical  fire  ftrikes  through  a  body,  it 
a£is  upon  the  common  fire  contained  in  it,  and  puts 
that  fire  in  motion  5  and  if  there  be  a  fufficient  quan¬ 
tity  of  each  kind  of  fire,  the  body  will  be  inflamed. 

*  This  was  tried  with  a  bottle,  containing  about  a  quart.  It  is  firrce 
thought  that  one  of  the  large  glafs  jars,  mentioned  in  thefe  papers,  might 
&ave  killed  him,  though  wet, 

49.  When 
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49.  When  the  quantity  of  common  fire  in  the  body 
is  jfmall,  the  quantity  of  the  eledtrical  fire  (or  the  elec¬ 
trical  ftroke)  fhould  be  greater:  if  the  quantity  of 
common  fire  be  great,  lefs  eledtrical  fire  fuffices  to  pro¬ 
duce  the  effedt. 

50.  Thus  fpirits  mult  be  heated  before  we  can  fire 
them  by  the  electrical  fpark  *.  If  they  are  much 
heated,  a  fmall  fpark  will  do  *  if  not,  the  fpark  mult 
be  greater. 

51.  Till  lately  we  could  only  fire  warm  vapours  * 
but  now  we  can  burn  hard  dry  rofin.  And  when  we 
can  procure  greater  eledtricai  lparks,  we  may  be  able  to 
fire  not  only  un warm'd  fpirits,  as  lightning  does,  but 
even  wood,  by  giving  fufficient  agitation  to  the  com¬ 
mon  fire  contained  in  it,  as  fridtion  we  know  will  do.  ■ 

52.  Sulphureous  and  inflammable  vapours  arifing 
from  the  earth,  are  eaiily  kindled  by  lightning.  Be- 
iides  what  arife  from  the  earth,  fuch  vapours  are  lent 
out  by  flacks  of  moift  hay,  corn,  or  other  vegetables, 
which  heat  and  reek.  Wood  rotting  in  old  trees  or 
buildings  does  the  fame.  Such  are  therefore  eafily  and 
often  fired. 

53.  Metals  are  often  melted  by  lightning,  though 
perhaps  not  from  heat  in  the  lightning,  nor  altogether 
from  agitated  fire  in  the  metals.— For  as  whatever 
body  can  infmuate  itfelf  between  the  particles  of  metal, 
and  overcome  the  attraction  by  which  they  cohere  (as 
fundry  menftrua  can)  will  make  the  lolid  become  a 

*  We  have  fmee  fired  fpirits  without  heating  them,  when  the  weather 
is  warm.  A  little  poured  into  the  palm  of  the  hand,  will  be  warmed  fufF- 
ciently  by  the  hand,  if  the  fpirit  be  well  redlified.  /Ether  takes  fire  moll: 
readily. 
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fluid,  as  well  as  fire,  yet  without  heating  it :  fo  the 
elettrical  fire,  or  lightning,  creating  a  violent  repui- 
fion  between  the  particles  of  the  metal  it  paflfes  through, 
the  metal  is  fufed. 

54.  If  you  would,  by  a  violent  fire,  melt  off  the 
end  of  a  nail,  which  is  half  driven  into  a  door,  the 
heat  given  the  whole  nail  before  a  part  would  melt/ 
mull  burn  the  board  it  flicks  in.  And  the  melted  part 
would  burn  the  floor  it  dropped  on.  But  if  a  fword 
can  be  melted  in  the  fcabbard,  and  money  in  a  man's 
pocket,  by  lightning,  without  burning  either,  it  mufi 
be  a  cold  fufion 

55.  Lightning  rends  fome  bodies.  The  eleftrical 
fpark  will  ftrike  a  hole  through  a.  quire  of  ftrong 
paper. 

56.  If  the  fource  of  lightning,  afligned  in  this  paper, 
be  the  true  one,  there  fhould  be  little  thunder  heard 
at  fea  far  from  land.  And  accordingly  fame  old  fea- 
captains,  of  whom  enquiry  has  been  made,  do  affirm, 
that  the  fadi  agrees  perfedtly  with  the  hypothefis  ;  for 
that  in  crofling  the  great  ocean,  they  feldom  meet  with 
thunder  till  they  come  into  foundings ;  and  that  the 
iflands  far  from  the  continent  have  very  little  of  it. 
And  a  curious  obferver,  who  lived  13  years  at  Ber¬ 
mudas  x  fays,  there  was  lefs  thunder  there  in  that  whole 
time  than  he  has  fometimes  heard  in  a  month  at 
Carolina . 

*  Thefe  faCts,  though  related  in  feveral  accounts,  are  now  doubted"; 
fmce  it  has  been  obferved  that  the  parts  of  a  bell- wire  which  fell  on  the  floor 
being  broken  and  partly  melted  by  lightning,  did  actually  burn  into  the 
boards.  (See  Philoj.  Tranf  Vol.  LI.  Part  I.  And  Mr.  Kinnerjley  has  found 
that  a  fine  iron  wire.,  melted  by  Electricity,  has  had  the  fame  efFeCt. 

A  D  D  L 
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Peter  Collinson,  Efq;  F.R.S.  London . 


SIR ,  Philadelphia ,  y^/y  29,  1 75 <2>. 

AS  you  firft  put  us  on  electrical  experiments,  by 
fending  to  our  library-company  a  tube,  with 
directions  how  to  ufe  it ;  and  as  our  honourable  Pro¬ 
prietary  enabled  us  to  carry  thole  experiments  to  a 
greater  height,  by  his  generous  prefent  of  a  compleat 
eleCtrical  apparatus ;  ’tis  fit  that  both  fhould  know, 
from  time  to  time,  what  progrefs  we  make.  It  was 
in  this  view  I  wrote  and  fent  you  my  former  papers 
on  this  fubjeCt,  defiring,  that  as  I  had  not  the  honour 
of  a  direCt  correfpondence  with  that  bountiful  bene- 
faCtcr  to  our  library,  they  might  be  communicated  to 
him  through  your  hands.  In  the  fame  view  I  write 
and  fend  you  this  additional  paper.  If  it  happens  to 
bring  you  nothing  new,  (which  may  well  be,  confider- 
ing  the  number  of  ingenious  men  in  Europe  conti¬ 
nually  engaged  in  the  fame  refearches)  at  leaft  it  will 
fhew,  that  the  inftruments  put  into  our  hands  are 
not  neglected  ;  and  that  if  no  valuable  difcoveries  are 
made  by  us,  whatever  the  caufe  may  be,  it  is  not 
want  of  induftry  and  application. 

•  B  * 

I  am ,  Siry 

Tour  much  obliged 
Humble  Servant , 

*  4 

B.  FRANKLIN. 
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OPINIONS  and  CONJECTURES, 

concerning  the  Properties  and  EjfeSIs  of  the 
ele&rical  Matter ,  arifing  from.  Experiments 
and  Obfervations  made  at  Philadelphia,  1749. 

§.  i.  r  fl  ^HE  electrical  matter  confifts  of  particles 
Jj_  extremely  fubtile,  fince  it  can  permeate 
common  matter,  even  the  denfeft  metals,  with  fuch 
eafe  and  freedom  as  not  to  receive  any  perceptible  re¬ 
finance. 

2.  If  any  one  Ihould  doubt  whether  the  electrical 
matter  paffes  through  the  fubftance  of  bodies,  or  only 
over  and  along  their  furfaces,  a  fhock  from  an  eledtri- 
fied  large  glafs  jar,  taken  through  his  own  body,  will 
probably  convince  him. 

'3.  Eledtrical  matter  differs  from  common  matter  in 
this,  that  the  parts  of  the  latter  mutually  attradt, 
thofe  of  the  former  mutually  repel  each  other.  Hence 
the  appearing  divergency  in  a  ftream  of  eledtrified  ef¬ 
fluvia. 

4.  But  though  the  particles  of  eledlrical  matter  do 
repel  each  other,  they  are  ftrongly  attracted  by  all 
other  matter  -f*. 

t  See  the  ingenious  EfFays  on  Ele&ricity,  in  the  Trmfafiions,  by  Mr. 
Ellicot . 

5.  From 
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5.  From  thefe  three  things,  the  extreme  fubtilty  of 
the  electrical  matter,  the  mutual  repulfion  of  its  parts, 
and  the  ftrong  attraction  between  them  and  other 
matter,  arife  this  effeCt,  that,  when  a  quantity  of  elec¬ 
trical  matter  is  applied  to  a  mafs  of  common  matter, 
of  any  bignefs  or  length,  within  our  obfervation  (which 
hath  not  already  got  its  quantity)  it  is  immediately  and 
equally  diffufed  through  the  whole. 

6.  Thus  common  matter  is  a  kind  of  fpunge  to  the 
electrical  fluid.  And  as  a  fpunge  would  receive  no 
water  if  the  parts  of  water  were  not  fmaller  than  the 
pores  of  the  fpunge  ;  and  even  then  but  ilowly,  if 
there  were  not  a  mutual  attraction  between  thofe  parts 
and  the  parts  of  the  fpunge;  and  would  ftill  imbibe  it 
falter,  if  the  mutual  attraction  among  the  parts  of 
the  water  did  not  impede,  fome  force  being  required 
to  feparate  them  ;  and  fafteft,  if,  inftead  of  attraction, 
there  were  a  mutual  repulfion  among  thofe  parts,  which 
would  aCt  in  conjunction  with  the  attraction  of  the 
fpunge.  So  is  the  cafe  between  the  electrical  and 
common  matter. 

7.  But  in  common  matter  there  is  (generally)  as 
much  of  the  electrical  as  it  will  contain  within  its 
fublta  ice.  If  more  is  added,  it  lies  without  upon  the 
furface,  and  forms  what  we  call  an  eleCtrical  atmof- 
phere ;  and  then  the  body  is  faid  to  be  electrified. 

8.  Tis  fuppofed,  that  all  kinds  of  common  matter 
do  not  attraCt  and  retain  the  eleCtrical,  with  equal 
ftrength  and  force,  for  reafons  to  be  given  hereafter. 
And  that  thofe  called  eleCtrics  per  fe>  as  glafs,  &c.  at¬ 
tract 
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tradl  and  retain  it  ftrongeft,  and  contain  the  greateft 
quantity. 

9.  We  know  that  the  electrical  fluid  is  in  common 
matter,  becaule  we  can  pump  it  out  by  the  globe  or 
tube.  We  know  that  common  matter  has  near  as 
much  as  it  can  contain,  becaufe,  when  we  add  a  little 
more  to  any  portion  of  it,  the  additional  quantity 
does  not  enter,  but  forms  an  electrical  atmofphere. 
And  we  know  that  common  matter  has  not  (generally) 
more  than  it  can  contain,  otherwife  all  loofe  portions  of 
it  would  repel  each  other,  as  they  conftantly  do  when 
they  have  eleftric  atmofpheres. 

10.  The  beneficial  ufes  of  this  eleftric  fluid  in  the 
creation  we  are  not  yet  well  acquainted  with,  though 

^doubtlefs  fuch  there  are,  and  thofe  very  confiderable ; 
but  we  may  fee  fome  pernicious  confequences  that 
would  attend  a  much  greater  proportion  of  it.  For 
had  this  globe  we  live  on,  as  much  of  it  in  proportion 
as  we  can  give  to  a  globe  of  iron,  wood,  or  the  like, 
the  particles  of  duft  and  other  light  matters  that  get 
loofe  from  it,  would,  by  virtue  of  their  feparate  elec¬ 
trical  atmofpheres,  not  only  repel  each  other,  but  be 
repelled  from  the  earth,  and  not  eafily  be  brought  to 
unite  with  it  again ;  whence  our  air  would  continually 
be  more  and  more  clogged  with  foreign  matter,  and 
grow  unfit  for  refpiration.  This  affords  another  oc- 
cafion  of  adoring  that  wifdom  which  has  made  all 
things  by  weight  and  meafure  ! 

1 1 .  If  a  piece  of  common  matter  be  fuppofed  en¬ 
tirely  free  from  ele&rical  matter,  and  a  fingle  particle 

**  of 
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of  the  latter  be  brought  nigh,  it  will  be  attracted,  and 
enter  the  body,  and  take  place  in  the  center,  or  where 
the  attraction  is  every  way  equal.  If  more  particles 
enter,  they  take  their  places  where  the  balance  is 
equal  between  the  attraction  of  the  common  matter, 
and  their  own  mutual  repulfion.  ’Tis  fuppofed  they 
form  triangles,  whofe  Tides  fhorten  as  their  number 
encreafes;  till  the  common  matter  has  drawn  in  fo 
many,  that  its  whole  power  of  comprefiing  thofe  tri¬ 
angles  by  attraction,  is  equal  to  their  whole  power  of 
expanding  themfelves  by  repulfion  ;  and  then  will  fuch 
piece  of  matter  receive  no  more. 

12.  When  part  of  this  natural  proportion  of  elec¬ 
trical  fluid  is  taken  out  of  a  piece  of  common  matter, 
the  triangles  formed  by  the  remainder,  are  fuppofed  to, 
widen  by  the  mutual  repulfion  of  the  parts,  until  they 
occupy  the  whole  piece. 

13.  When  the  quantity  of  eleftrical  fluid,  taken 
from  a  piece  of  common  matter,  is  reftored  again,  it 
enters,  the  expanded  triangles  being  again  compreffed 
till  there  is  room  for  the  whole. 

14.  To  explain  this:  take  two  apples,  or  two  balls 
of  wood  or  other  matter,  each  having  its  own  natu¬ 
ral  quantity  of  the  eleCtrical  fluid.  Sufpend  them  by 
filk  lines  from  the  deling.  Apply  the  wire  of  a  well- 
charged  vial,  held  in  your  hand,  to  one  of  them  (A) 
Fig .  7,  and  it  will  receive  from  the  wire  a  quantity  of 
the  eleCtrical  fluid  >  but  will  not  imbibe  it,  being  al¬ 
ready  full.  The  fluid  therefore  will  flow  round  its 
furface,  and  form  an  eledrical  atmofphere.  Bring 

I  A 
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A  into  contact  with  B,  and  hair  the  ele&rical  fluid  is 
communicated,  fo  that  each  has  now  an  eleftricai  at¬ 
mofphere,  and  therefore  they  repel  each  other.  Take 
away  thefe  atmofpheres,  by  touching  the  balls,  and 
leave  them  in  their  natural  ftate :  then,  having  fixed 
a  flick  of  fealing-wax  to  the  middle  of  the  vial  to 
hold  it  by,  apply  the  wire  to  A,  at  the  fame  time  the 
coating  touches  B.  Thus  will  a  quantity  of  the  elec¬ 
trical  fluid  be  drawn  out  of  B,  and  thrown  on  A.  So 
that  A  will  have  a  redundance  of  this  fluid,  which 
forms  an  atmofphere  round  it,  and  B  an  exadfcly  equal 
deficiency.  Now,  bring  thefe  balls  again  into  contaft, 
and  the  elettrical  atmofphere  will  not  be  divided  be¬ 
tween  A  and  B,  into  two  fmaller  atmofpheres  as  be¬ 
fore;  for  B  will  drink  up  the  whole  atmofphere  of 
A,  and  both  will  be  found  again  in  their  natural 
ftate. 

15.  The  form  of  the  electrical  atmofphere  is  that 
of  the  body  it  furrounds.  This  fliape  may  be  rendered 
vifible  in  a  ftill  air,  by  raifing  a  fmoke  from  dry  rofm 
dropt  into  a  hot  tea-fpoon  under  the  electrifed  body, 
which  will  be  attradled,  and  fpread  itfelf  equally  on 
all  fides,  covering  and  concealing  the  body  *.  And 
this  form  it  takes,  becaufe  it  is  attracted  by  all  parts 
of  the  furface  of  the  body,  though  it  cannot  enter 
the  fubftance  already  replete.  Without  this  attraction, 
it  would  not  remain  round  the  body,  but  difiipate  in 
the  air.  , 

*  See  page  6. 

16.  The 
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i6.  The  atmofphere  of  electrical  particles  furround¬ 
ing  an  eleCtrified  fphere,  is  not  more  difpofed  to  leave 
it,  or  more  eafily  drawn  off  from  any  one  part  of  the 
fphere  than  another,  becaufe  it  is  equally  attracted  by 
every  part.  But  that  is  not  the  cafe  with  bodies  of 
any  other  figure.  From  a  cube  it  is  more  eafily  drawn 
at  the  corners  than  at  the  plane  fides,  and  fo  from 
the  angles  of  a  body  of  any  other  form,  and  ftill  moft 
eafily  from  the  angle  that  is  moft  acute.  Thus  if  a 
body  fhaped  as  A,  B,  C,  D,  E,  in  Fig.  8.  be  electrified, 
or  have  an  eleCtrical  atmofphere  communicated  to  it, 
and  we  confider  every  fide  as  a  bale  on  which  the 
particles  reft,  and  by  which  they  are  attracted,  one 
may  lee,  by  imagining  a  line  from  A  to  F,  and  another 
from  E  to  G,  that  the  portion  of  the  atmofphere  in¬ 
cluded  in  F,  A,  E,  G,  has  the  line  A,  E,  for  it’s  bafis. 
So  the  portion  of  atmofphere  included  in  FI,  A,  B,  I, 
has  the  line  A  B  for  its  bafis.  And  likewife  the 
portion  included  in  K,  B,  C,  L,  has  B,  C,  to  reft 
on ;  and  fo  on  the  other  fide  of  the  figure.  Now 
if  you  would  draw  off  this  atmofphere  with  any 
blunt  fmooth  body,  and  approach  the  middle  of  the 
fide  A,  B,  you  mull  come  very  near,  before  the  force 
of  your  attracter  exceeds  the  force  or  power  with 
which  that  fide  holds  its  atmofphere.  But  .there  is  a 
fmall  portion  between  I,  B,  K,  that  has  lefs  of  the 
furface  to  reft  on,  and  to  be  attracted  by,  than  the 
neighbouring  portions,  while  at  the  fame  time  there 
is  a  mutual  repulfion  between  its  particles,  and  the 
particles  of  thole  portions,  therefore  here  you  can  get 
it  with  more  eafe,  or  at  a  greater  diftance,  ,  Between 

I  2  F, 
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F,  A,  H,  there  is  a  larger  portion  that  has  yet  a  I  els 
furface  to  reft  on,  and  to  attraCt  it;  here  therefore 
you  can  get  it  away  ftill  more  eafily.  But  eafieft  of 
all  between  L,  C,  M,  where  the  quantity  is  largeft, 
and  the  furface  to  attraft  and  keep  it  back  the  leaf!:. 
When  you  have  drawn  away  one  of  thefe  angular 
portions  of  the  fluid,  another  fucceeds  in  its  place, 
from  the  nature  of  fluidity,  and  the  mutual  repulflon 
before-mentioned;  and  fo  the  atmofphere  continues 
flowing  off  at  fuch  angle,  like  a  ftream,  till  no  more 
is  remaining.  The  extremities  of  the  portions  of  at¬ 
mofphere  over  thefe  angular  parts,  are  likewife  at  a 
greater  diftance  from  the  electrified  body,  as  may  be 
feen  by  the  infpeCtion  of  the  above  figure;  the  point 
of  the  atmofphere  of  the  angle  C,  being  much  farther 
from  C,  than  any  other  part  of  the  atmofphere  over 
the  lines  C,  B,  or  B,  A:  And,  befides  the  diftance 
arifing  from  the  nature  of  the  figure,  where  the  at¬ 
traction  is  lefs,  the  particles  will  naturally  expand  to 
a  greater  diftance  by  their  mutual  repulflon.  On 
thefe  accounts  we  fuppofe  eleCtrified  bodies  difcharge 
their  atmofpheres  upon  uneleCtrified  bodies  more  ea¬ 
fily,  and  at  a  greater  diftance  from  their  angles  and 
points  than  from  their  fmooth  fides. — Thofe  points 
will  alfo  difcharge  into  the  air,  when  the  body  has 
too  great  an  eleCtrical  atmofphere,  without  bringing 
any  non-eleCtric  near,  to  receive  what  is  thrown  off ; 
For  the  air,  though  an  eleCtric  per  fe>  yet  has  always 
more  or  lefs  water  and  other  non-eleCtric  matters 
mixed  with  it ;  and  thefe  attraCt  and  receive  what  is  fo 
difcharged. 
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17.  But  points  have  a  property,  by  which  they  draw 
cm  as  well  as  throw  off  the  eleCtrical  fluid,  at  greater 
diftances  than  blunt  bodies  can.  That  is,  as  the  pointed 
part  of  an  eleftrified  body  will  difcharge  the  atmof- 
phere  of  that  body,  or  communicate  it  fartheft  to  an¬ 
other  body,  fo  the  point  of  an  unele&rified  body  will 
draw  off  the  eleCtrical  atmofphere  from  an  eleCtrified 
body,  farther  than  a  blunter  part  of  the  fameuneleCtri- 
fied  body  will  do.  Thus  a  pin  held  by  the  head,  and  the 
point  prefented  to  an  eleCtrified  body,  will  draw  oft*  its 
atmofphere  at  a  footdiftance  ;  where,  if  the  head  were 
prefented  inftead  of  the  point,  no  fuch  effect  would 
follow.  To  underftand  this,  we  may  conftder,  that  if 
a  perfon  {landing  on  the  floor  would  draw  off  the  elec¬ 
trical  atmofphere  from  an  electrified  body,  an  iron  crow 
and  a  blunt  knitting-needle  held  alternately  in  his 
hand,  and  prefented  for  that  purpofe,  do  not  draw 
with  different  forces  in  proportion  to  their  different 
maffes.  For  the  man,  and  what  he  holds  in  his  hand,  be 
it  large  or  lmall,  are  connected  with  the  common  mafs 
of  uneleCtrified  matter;  and  the  force  with  which  he 
draws  is  the  fame  in  both  cafes,  it  confiding  in  the  dif¬ 
ferent  proportion  of  eleCtricity  in  the  eleCtrified  body, 
and  that  common  mafs.  But  the  force  with  which 
the  eleCtrified  body  retains  its  atmofphere  by  attracting 
it,  is  proportioned  to  the  furface  over  which  the  par¬ 
ticles  are  placed ;  /.  e.  four  fquare  inches  of  that  fur- 
face  retain  their  atmofphere  with  four  times  the  force 
that  one  fquare  inch  retains  its  atmofphere.  And  as 
in  plucking  the  hairs  from  the  horfe’s  tail,  a  degree  of 
flrength  not  fufficient  to  pull  away  a  handful  at  once, 
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could  yet  eafily  ftrip  it  hair  by  hair  ;  fo  a  blunt  body 
prefented  cannot  draw  off  a  number  of  particles  at 
once,  but  a  pointed  one,  with  no  greater  force,  takes 
them  away  eafily,  particle  by  particle. 

1 8.  Thefe  explanations  of  the  power  and  operation 
of  points,  when  they  firfb  occurred  to  me,  and  while 
they  firft  floated  in  my  mind,  appeared  perfectly  fatis- 
fadtory $  but  now  I  have  written  them,  and  confi- 
dered  them  more  clofely,  Imuftown  I  have  fome  doubts 
about  them  •  yet,  as  I  have  at  prefent  nothing  better 
to  offer  in  their  ftead,  I  do  not  ciofs  them  out :  for 
even  a  bad  folution  read,  and  its  faults  difcovered,  has 
often  given  rife  to  a  good  one,  in  the  mind  of  an  in¬ 
genious  reader. 

19.  Nor  is  it  of  much  importance  to  us,  to  know 
the  manner  in  which  nature  executes  her  laws ;  it  is 
enough  if  we  know  the  laws  themfelves .  It  is  of  real 
ufe  to  know  that  china  left  in  the  air  unfupported  will 
fall  and  break;  but  bow  it  comes  to  fall,  and  why  it 
breaks,  are  matters  of  fpeculation;  It  is  a  pleafure 
Indeed  to  know  them,  but  we  can  preferve  our  china' 
without  it. 

20.  Thus  in  the  prefent  cafe,  to  know  this  power  of 
points  may  poffibly  be  of  fome  ufe  to  mankind,  though 
we  fliould  never  be  able  to  explain  it.  The  following 
experiments,  as  well  as  thofe  in  my  firft  paper,  fliew 
this  power.  I  have  a  large  prime  conductor,  made  of 
feveral  thin  fheets  of  clothier  s  pafteboard,  formed 
into  a  tube,  near  ten  feet  long  and  a  foot  diameter. 
It  is  covered  with  Dutch  embofs’d  paper,  almoft  to¬ 
tally  gilt.  This  large  metallic  furface  fupports  a  much 
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greater  eledtrical  atmofphere  than  a  rod  of  iron  of  50 
times  the  weight  would  do.  It  is  fufpended  by  filk 
lines,  and  when  charged  will  ftrike  at  near  two  inches 
diftance,  a  pretty  hard  ftroke,  fo  as  to  make  ones 
knuckle  ach.  Let  a  perfon  Handing  on  the  floor  pre- 
fent  the  point  of  a  needle  at  12  or  more  inches  diftance 
from  it,  and  while  the  needle  is  fo  prefented,  the  con¬ 
ductor  cannot  be  charged,  the  point  drawing  off  the 
fire  as  faft  as  it  is  thrown  on  by  the  electrical  globe. 
Let  it  be  charged,  and  then  prefent  the  point  at  the 
lame  diftance,  and  it  will  fuddenly  be  difcharged.  In 
the  dark  you  may  fee  the  light  on  the  point,  when  the 
experiment  is  made.  And  if  the  perfon  holding  the 
point  Hands  upon  wax,  he  will  be  electrified  by  re¬ 
ceiving  the  fire  at  that  diftance.  Attempt  to  draw  off 
the  electricity  with  a  blunt  body,  as  a  bolt  of  iron 
round  at  the  end,  and  fmooth  (a  filverfmith’s  iron 
punch,  inch  thick,  is  what  I  ufe)  and  you  muft  bring 
it  within  the  diftance  of  three  inches  before  you  can  do 
it.  and  then  it  is  done  with  a  ftroke  and  crack.  As 
the  pafteboard  tube  hangs  loofe  on  filk  lines,  when 
you  approach  it  with  the  punch  iron,  it  likewife  will 
move  towards  the  punch,  being  attracted  while  it  is 
charged ;  but  if,  at  the  fame  inftant,  a  point  be  pre¬ 
fented  as  before,  it  retires  again,  for  the  point  dis¬ 
charges  it.  Take  a  pair  of  large  brafs  fcales,  of  two 
or  more  feet  beam,  the  cords  of  the  fcales  being  filk. 
Sufpend  the  beam  by  a  pack-thread  from  the  deling, 
fo  that  the  bottom  of  the  fcales  may  be  about  a  foot 
from  the  floor :  The  fcales  will  move  round  in  a  circle 

v  •  / 

by  the  untwifting  of  the  pack-thread.  Set  the  iron 
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punch  on  the  end  upon  the  floor,  in  a  filch  a  place  as 
that  the  fcales  may  pals  over  it  ill  making  their  circle : 
Then  eleCtrify  one  fcale,  by  applying  the  wire  of  a 
charged  phial  to  it.  As  they  move  round,  you  fee 
thatfcale  draw  Higher  to  the  floor,  and  dip  more  when 
it  comes  over  the  punch  •  and  if  that  be  placed  at  a 
proper  diftance,  the  fcale  will  fnap  and  difcharge  its 
fire  into  it.  But  if  a  needle  be  ftuck  on  the  end  of  the 
punch,  its  point  upwards,  the  fcale,  inftead  of  draw¬ 
ing  nigh  to  the  punch,  and  flapping,  difcharges  its 
fire  filently  through  the  point,  and  rifes  higher  from 
the  punch.  Nay,  even  if  the  needle  be  placed  upon 
the  floor  near  the  punch,  its  point  upwards,  the  end 
of  the  punch,  though  fo  much  higher  than  the  needle, 
will  not  attraCt  the  fcale  and  receive  its  fire,  for  the 
needle  will  get  it  and  convey  it  away,  before  it  comes 
nigh  enough  for  the  punch  to  act.  And  this  is  con- 
flantiy  obfervable  in  thefe  experiments,  that  the  greater 
quantity  of  eleCtricity  on  the  pafteboard  tube,  the 
farther  it  (trikes  or  difcharges  its  fire,  and  the  point 
likewife  will  draw  it  off  at  a  ftill  greater  diftance. 

Now  if  the  fire  of  electricity  and  that  of  lightning 
be  the  fame,  as  1  have  endeavoured  to  Anew  ap  large, 
in  a  former  paper,  this  pafteboard  tube  and  thefe  fcales 
may  reprefent  electrified  clouds.  If  a  tube  of  only 
ten  feet  long  will  ftrike  and  difcharge  its  fire  on  the 
punch  at  two  or  three  inches  diftance,  an  electrified 
cloud  of  perhaps  10,000  acres  may  ftrike  and  dif¬ 
charge  on  the  earth  at  a  proportionably  greater  dif¬ 
tance.  The  horizontal  motion  of  the  fcales  over  the 
floor,  may  reprefent  the  motion  of  the  clouds  over  the 

earthy 


65 


Obfervations  on  Electricity. 

earth  ;  and  the  ereft  iron  punch,  a  hill  or  high  build¬ 
ing  ;  and  then  we  fee  how  electrified  clouds  palling 
over  hills  or  high  buildings  at  too  great  a  height  to 
ftrike,  may  be  attrafted  lower  till  within  their  (bribing 
diftance.  And  laftly,  if  a  needle  fixed  on  the  punch 
with  its  point  upright,  or  even  on  the  floor  below 
the  punch,  will  draw  the  fire  from  the  fcale  filently 
at  a  much  greater  than  the  ftriking  diftance,  and  fo 
prevent  its  defcending  towards  the  punch ;  or  if  in  its 
courfe  it  would  have  come  nigh  enough  to  ftrike,  yet 
being  firft  deprived  of  its  fire  it  cannot,  and  the  punch 
i's  thereby  fecured  from  the  ftroke.  I  fay,  if  thefe 
things  are  fo,  may  not  the  knowledge  of  this  power 
of  points  be  of  life  to  mankind,  in  preferving  houfes, 
churches,  fhips,  &c.  from  the  ftroke  of  lightning,  by 
directing  us  to  fix  on  the  higheft  parts  of  thofe  edi¬ 
fices,  upright  rods  of  iron  made  fharp  as  a  needle, 
and  gilt  to  prevent  rufting,  and  from  the  foot  of  thofe 
rods  a  wire  down  the  outfide  of  the  building  into  the 
ground,  or  down  round  one  of  the  flirouds  of  a  fhip, 
and  down  her  fide  till  it  reaches  the  water?  Would 
not  thefe  pointed  rods  probably  draw  the  electrical 
fire  filently  out  of  a  cloud  before  it  came  nigh  enough 
to  ftrike,  and  thereby  fecure  us  from  that  moft  fudden 
and  terrible  mifchief  ? 

21.  To  determine  the  queftion,  whether  the  clouds 
that  contain  lightning  are  eleftrified  or  not,  I  would 
propofe  an  experiment  to  be  tried  where  it  may  be 
done  conveniently.  On  the  top  of  fome  high  tower 
or  fteeple,  place  a  kind  of  centry-box  (as  in  Fig.  9.) 
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big  enough  to  contain  a  man  and  an  eleCtrical  ftand. 
From  the  middle  of  the  ftand  let  an  iron  rod  rife  and 
pafs  bending  out  of  the  door,  and  then  upright  20 
or  30  feet,  pointed  very  fharp  at  the  end.  If  the  elec¬ 
trical  ftand  be  kept  clean  and  dry,  a  man  ftanding  on 
it  when  fuch  clouds  are  palling  low,  might  be  elec¬ 
trified  and  afford  {parks,  the  rod  drawing  fire  to  him 
from  a  cloud.  If  any  danger  to  the  man  fhould  be 
apprehended  (though  I  think  there  would  be  none) 
let  him  ftand  on  the  floor  of  his  box,  and  now  and 
then  bring  near  to  the  rod  the  loop  of  a  wire  that 
lias  one  end  fattened  to  the  leads,  he  holding  it  by  a 
wax  handle  3  fo  the  {parks,  if  the  rod  is  electrified, 
will  ftrike  from  the  rod  to  the  wire,  and  not  affeCt 
him. 

22.  Before  I  leave  this  fubjeCt  of  lightning,  I  may 
mention  fome  other  flmilarities  between  the  effeCts  of 
that,  and  thofe  of  eleCtricity.  Lightning  has  often 
been  known  to  ftrike  people  blind.  A  pigeon  that  we 
ftruck  dead  to  appearance  by  the  eleCtrical  fliock,  re¬ 
covering  life,  drooped  about  the  yard  feveral  days, 
eat  nothing,  though  crumbs  were  thrown  to  it,  but 
declined  and  died.  We  did  not  think  of  its  being 
deprived  of  fight ;  but  afterwards  a  pullet  ftruck  dead 
in  like  manner,  being  recovered  by  repeatedly  blow¬ 
ing  into  its  lungs,  when  fet  down  on  the  floor,  ran 
headlong  againft  the  wall,  and  on  examination  ap¬ 
peared  perfectly  blind.  Hence  we  concluded  that  the 
pigeon  alfo  had  been  abfolutely  blinded  by  the  fhock. 
The  biggeft  animal  we  have  yet  killed,  or  tried  to 
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kill,  with  the  electrical  ftroke,  was  a  well-grown 
pullet. 

23.  Reading  in  the  ingenious  Dr.  Miles  s  account  of 
the  thunder  ftorm  at  Stretham ,  the  eff'eft  of  the  light¬ 
ning  in  ftripping  off  all  the  paint  that  had  covered  a 
gilt  moulding  of  a  pannel  of  wainfcot,  without  hurt¬ 
ing  the  reft  of  the  paint,  I  had  a  mind  to  lay  a  coat 
of  paint  over  the  filletting  of  gold  on  the  cover  of  a 
book,  and  try  the  effeCt  of  a  ftrong  eleCtrical  flafh 
fent  through  that  gold  from  a  charged  fheet  of  glafs. 
But  having  no  paint  at  hand,  I  parted  a  narrow  ftrip 
of  paper  over  it ;  and  when  dry,  lent  the  flafh  through 
the  gilding,  by  which  the  paper  was  torn  off  from 
end  to  end,  with  fuch  force,  that  it  was  broke  in 
feveral  places,  and  in  others  brought  away  part  of  the 
grain  of  the  Turky-leather  in  which  it  was  bound  ; 
and  convinced  me,  that  had  it  been  painted,  the  paint 
would  have  been  ftript  off'  in  the  lame  manner  with 
that  on  the  wainfcot  at  Stretham. 

24.  Lightning  melts  metals,  and  I  hinted  in  my 
paper  on  that  fubjeft,  that  I  fufpedfed  it  to  be  a  cold 
fufion;  I  do  not  mean  a  fufion  by  force  of  cold,  but 
a  fufion  without  heat  *.  We  have  alio  melted  gold, 
lilvcr,  and  copper,  in  fmall  quantities,  by  the  eledlri- 
cal  flafh.  The  manner  is  this  :  Take  leaf  gold,  leaf 
filver,  or  leaf  gilt  copper,  commonly  called  leaf  brafs, 
or  Dutch  gold ;  cut  off'  from  the  leaf  long  narrow 
rt  rips,  the  breadth  of  a  ftraw.  Place  one  of  thefe  ft  rips 
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between  two  itrips  of  fmooth  glafs  that  are  about  the 
width  of  your  finger.  If  one  ftrip  of  gold,  the  length 
of  the  leaf,  be  not  long  enough  for  the  glafs,  add 
another  to  the  end  of  it,  fo  that  you  may  have  a  little 
part  hanging  out  loofe  at  each  end  of  the  glafs.  Bind 
the  pieces  of  glafs  together  from  end  to  end  with 
ftrong  filk  thread  ;  then  place  it  fo  as  to  be  part  of 
an  eleftrical  circuit,  (the  ends  of  gold  hanging  out 
being  of  ufe  to  join  with  the  other  parts  of  the  cir¬ 
cuit)  and  fend  the  flafh  through  it,  from  a  large  elec¬ 
trified  jar  or  fiieet  of  glafs.  Then  if  your  ftrips  of 
glafs  remain  whole,  you  will  fee  that  the  gold  is 
miffing  in  feveral  places,  and  inftead  of  it  a  metallic 
ftain  on  both  the  glaffes  ;  the  ftains  on  the  upper  and 
under  glafs  exactly  fimilar  in  the  minuted:  ftroke,  as 
may  be  feen  by  holding  them  to  the  light;  the  metal 
appeared  to  have  been  not  only  melted,  but  even  vitri¬ 
fied,  or  otherwife  fo  driven  into  the  pores  of  the 
glafs,  as  to  be  protefted  by  it  from  the  adtion  of  the 
ftrongeft  Aqua  Fortis ,  or  Aqua  Regia .  I  fend  you  en- 
clofed  two  little  pieces  of  glafs  with  thefe  metallic 
ftains  upon  them,  which  cannot  be  removed  without 
taking  part  of  the  glafs  with  them.  Sometimes  the 
ftain  fpreads  a  little  wider  than  the  breadth  of  the 
leaf,  and  looks  brighter  at  the  edge,  as  by  infpedling 
clofely  you  may  obferve  in  thefe.  Sometimes  the  glafs 
breaks  to  pieces ;  once  the  upper  glafs  broke  into  a 
thoufand  pieces,  looking  like  coarfe  fait.  Thefe  pieces 
I  fend  you  were  ftain’d  with  Dutch  gold.  True  gold 
makes  a  darker  ftain,  fomewhat  reddifh ;  filver,  a 
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greenifh  ftain.  We  once  took  two  pieces  of  thick 
looking-glafs,  as  broad  as  a  Gunters  fcale,  and  fix 
inches  long ;  and  placing  leaf  gold  between  them,  put 
them  between  two  fmoothly-plain’d  pieces  of  wood, 
and  fix’d  them  tight  in  a  book-binder’s  fmall  prefs  ; 
yet  though  they  were  fo  clofely  confined,  the  force 
of  the  electrical  fhock  fhivered  the  glafs  into  many 
pieces.  The  gold  was  melted,  and  llain’d  into  the 
glafs,  as  ufual.  The  circumftances  of  the  breaking 
of  the  glafs  differ  much  in  making  the  experiment, 
and  fometimes  it  does  not  break  at  all :  but  this  is 
conflant,  that  the  ftains  in  the  upper  and  under  pieces 
are  exaCt  counterparts  of  each  other.  And  though  I 
have  taken  up  the  pieces  of  glafs  between  my  fingers 
immediately  after  this  melting,  I  never  could  perceive 
the  leaft  warmth  in  them. 

25.  In  one  of  my  former  papers,  I  mentioned,  that 
gilding  on  a  book,  though  at  firft  it  communicated 
the  fhock  perfe&ly  well,  yet  failed  after  a  few  experi¬ 
ments,  which  we  could  not  account  for.  We  have 
fince  found  that  one  ftrong  {hock  breaks  the  continuity 
of  the  gold  in  the  filletting,  and  makes  it  look  rather 
like  duft  of  gold,  abundance  of  its  parts  being  broken 
and  driven  off ;  and  it  will  feldom  conduCt  above  one 
ftrong  fhock.  Perhaps  this  may  be  the  reafon  :  When 
there  is  not  a  perfeCt  continuity  in  the  circuit,  the 
fire  muft  leap  over  the  vacancies  :  There  is  a  certain 
diftance  which  it  is  able  to  leap  over  according  to  its 
ftrength  ;  if  *  a  number  of  fmall  vacancies,  though 
each  be  very  minute,  taken  together  exceed  that  dif¬ 
tance, 
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tance,  it  cannot  leap  over  them,  and  fo  the  fliock  is 
prevented. 

26.  From  the  before-mentioned  law  of  eledlricity, 
that  points  as  they  are  more  or  lefs  acute,  draw  on 
and  throw  off  the  electrical  fluid  with  more  or  lefs 
power,  and  at  greater  or  lefs  diftances,  and  in  larger 
or  fmaller  quantities  in  the  fame  time,  we  may  fee 
how  to  account  for  the  fituation  of  the  leaf  of  gold 
fufpended  between  two  plates,  the  upper  one  conti¬ 
nually  eieftrified,  the  under  one  in  a  perfon’s  hand 
Handing  on  the  floor.  When  the  upper  plate  is  elec¬ 
trified,  the  leaf  is  attracted,  and  raifed  towards  it, 
and  would  fly  to  that ^  plate,  were  it  not  for  its  own 
points.  The  corner  that  happens  to  be  uppermoft 
when  the  leaf  is  riling,  being  a  fharp  point,  from  the 
extreme  thinnefs  of  the  gold,  draws  and  receives  at 
a  diftance  a  fufficient  quantity  of  the  eledhic  fluid  to 
give  itfelf  an  eledtric  atmofphere,  by  which  its  pro- 
grefs  to  the  upper  plate  is  ftopt,  and  it  begins  to  be 
repelled  from  that  plate,  and  would  be  driven  back  to 
the  under  plate,  but  that  its  lowed:  comer  is  likewife 
a  point,  and  throws  off  or  difcharges  the  overplus  of 
the  leaf  ’s  atmofphere,  as  faft  as  the  upper  corner 
draws  it  on.  Were  thefe  two  points  perfectly  equal 
in  acutenefs,  the  leaf  would  take  place  exadtly  in  the 
middle  fpace,  for  its  weight  is  a  trifle  compared  to 
the  power  adling  on  it  :  But  it  is  generally  nearefl: 
the  uneledtrified  plate,  becaufe,  when  the  leaf  is  of¬ 
fered  to  the  electrified  plate,  at  a  diftance,  the  fharped: 
point  is  commonly  fird:  affedted  and  raifed  towards 
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it;  fo  that  point,  from  its  greater  acutenefs,  receiving 
the  fluid  fafter  than  its  oppofite  can  difcharge  it  at 
equal  diftances,  it  retires  from  the  electrified  plate, 
and  draws  nearer  to  the  unele&rified  plate,  till  it 
comes  to  a  diftance  where  the  difcharge  can  be 
exaCtly  equal  to  the  receipt,  the  latter  being  leffened, 
and  the  former  encreafed ;  and  there  it  remains  as 
long  as  the  globe  continues  to  fupply  frefh  eleCtrical 
matter.  This  will  appear  plain,  when  the  difference 
of  acutenefs  in  the  corners  is  made  very  great.  Cut 
a  piece  of  Dutch  gold,  (which  is  fitted:  for  thefe  ex¬ 
periments  on  account  of  its  greater  ftrength)  into  the 
form  cf  Fig.  io.  the  upper  corner  a  right  angle,  the 
two  next  obtufe  angles,  and  the  lowed:  a  very  acute 
one ;  and  bring  this  on  your  plate  under  the  electrified 
plate,  in  fuch  a  manner  as  that  the  right-angled  part 
may  be  firft  raided  (which  is  done  by  covering  the 
acute  part  with  the  hollow  of  your  hand)  and  you 
will  fee  this  leaf  take  place  much  nearer  to  the  up¬ 
per  than  the  under  plate;  becaufe  without  being 
nearer,  it  cannot  receive  fo  fad  at  its  right-angled 
point,  as  it  can  difcharge  at  its  acute  one.  Turn  this 
leaf  with  the  acute  part  uppermod,  and  then  it  takes 
place  neared  the  uneleCtrified  plate;  becaufe,  other- 
wife,  it  receives  fader  at  its  acute  point,  than  it  can 
difcharge  at  its  right-angled  one.  Thus  the  difference 
of  didance  is  always  proportioned  to  the  difference  of 
acutenefs.  Take  care  in  cutting  your  leaf,  to  leave  no 
little  ragged  particles  on  the  edges,  which  fometimes 
from  points  where  you  would  not  have  them.  You 

may 


J2 


New  Experiments  and 

may  make  this  figure  fo  acute  below,  and  blunt 
above,  as  to  need  no  under  plate,  it  difcharging  faft 
enough  into  the  air.  When  it  is  made  narrower,  as 
the  figure  between  the  pricked  lines,  we  call  it  the 
Golden  Fijh ,  from  its  manner  of  aCting.  For  if  you 
take  it  by  the  tail,  and  hold  it  at  a  foot  or  greater 
horizontal  diftance  from  the  prime  conductor,  it  will 
when  let  go,  fly  to  it  with  a  brilk  but  wavering  mo¬ 
tion,  like  that  of  an  eel  through  the  water;  it  will, 
then  take  place  under  the  prime  conductor,  at  perhaps 
a  quarter  or  half  an  inch  diftance,  and  keep  a  con¬ 
tinual  ftiaking  of  its  tail  like  a  fifh,  fo  that  it  feems 
animated.  Turn  its  tail  towards  the  prime  conduc¬ 
tor,  and  then  it  flies  to  your  finger,  and  feems  to 
nibble  it.  And  if  you  hold  a  plate  under  it  at  fix 
or  eight  inches  diftance,  and  ceafe  turning  the  globe, 
when  the  eleCtrical  atmofphere  of  the  conductor 
grows  fmall,  it  will  defcend  to  the  plate  and  fwim 
back  again  feveral  times  with  the  fame  fifh-like  mo¬ 
tion,  greatly  to  the  entertainment  of  fpeCtators.  By 
a  little  praCtice  in  blunting  or  fharpening  the  heads 
or  tails  of  thefe  figures,  you  may  make  them  take 
place  as  defired,  nearer  or  farther  from  the  electrified 
plate. 

27.  It  is  faid  in  SeCtion  8,  of  this  paper,  that  all 
kinds  of  common  matter  are  fuppofed  not  to  attraCt 
the  electrical  fluid  with  equal  ftrength  ;  and  that 
thofe  called  electrics  per  fe,  as  glafs,  &c.  attraCt  and 
retain  it  ftrongeft,  and  contain  the  greateft  quantity. 
This  latter  pofition  may  feem  a  paradox  to  forne, 
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Being  contrary  to  the  hitherto  received  opinion ;  and 
therefore  I  fhall  now  endeavour  to  explain  it. 

28.  In  order  to  this,  let  it  fir  ft  be  confidered,  that 
*we  cannot  by  any  means  we  are  yet  acquainted  withy  force 
the  electrical  fluid  through  glafs .  I  know  it  is  commonly 
thought  that  it  eafily  pervades  glafs ;  and  the  experi¬ 
ment  of  a  feather  fufpended  by  a  thread,  in  a  bottle 
hermetically  fealed,  yet  moved  by  bringing  a  rubbed 
tube  near  the  outfide  of  the  bottle,  is  alledged  to 
prove  it.  But,  if  the  eleftrical  fluid  fo  eafily  pervades 
glafs,  how  does  the  vial  become  charged  (as  we  term 
it)  when  we  hold  it  in  our  hands  ?  Would  not  the 
fire  thrown  in  by  the  wire,  pafs  through  to  our  hands, 
and  fo  efcape  into  the  floor  ?  Would  not  the  bottle 
in  that  cafe  be  left  juft  as  we  found  it,  uncharged,  as 
we  know  a  metal  bottle  fo  attempted  to  be  charged 
would  be  ?  Indeed,  if  there  be  the  leaft  crack,  the 
minuteft  folution  of  continuity  in  the  glafs,  though 
it  remains  fo  tight  that  nothing  elfe  we  know  of  will 
pafs,  yet  the  extremely  fubtile  eleftric  fluid  flies  through 
luch  a  crack  with  the  greateft  freedom,  and  fuch  a 
bottle  we  know  can  never  be  charged :  What  then 
makes  the  difference  between  fuch  a  bottle  and  one 
that  is  found,  but  this,  that  the  fluid  can  pafs  through 
the  one,  and  not  through  the  other  *? 

29.  It  is  true,  there  is  an  experiment  that  at  fir  ft 
fight  would  be  apt  to  latisfy  a  flight  obferver,  that  the 

*  See  the  fir  ft  fixteen  Sections  of  the  former  paper,  called  Farther  Ex¬ 
periments,  &c. 
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fire  thrown  into  the  bottle  by  the  wire,  does  really 
pafs  through  the  glafs.  It  is  this  :  place  the  bottle  on 
a  glafs  ftand,  under  the  prime  conductor  j  fufpend  a 
bullet  by  a  chain  from  the  prime  conductor,  till  it 
comes  within  a  quarter  of  an  inch  right  over  the  wire 
of  the  bottle  5  place  your  knuckle  on  the  glafs  ftand, 
at  juft  the  fame  diftance  from  the  coating  of  the  bot¬ 
tle,  as  the  bullet  is  from  its  wire.  Now  let  the  globe 
be  turned,  and  you  fee  a  fpark  ftrike  from  the  bullet 
to  the  wire  of  the  bottle,  and  the  fame  inftant  you  fee 
and  feel  an  exactly  equal  fpark  ftriking  from  the  coat¬ 
ing  on  your  knuckle,  and  fo  on,  fpark  for  fpark.  This 
looks  as  if  the  whole  received  by  the  bottle  was  again 
difcharged  from  it.  And  yet  the  bottle  by  this  means 
is  charged  * !  And  therefore  the  fire  that  thus  leaves 
the  bottle,  though  the  fame  in  quantity,  cannot  be 
the  very  fame  fire  that  entered  at  the  v/ire,  for  if  it 
were,  the  bottle  would  remain  uncharged. 

30.  If  the  fire  that  fo  leaves  the  bottle  be  not  the 
fame  that  is  thrown  in  through  the  wire,  it  muft  be 
fire  that  fubfifted  in  the  bottle,  (that  is,  in  the  glafs 
of  the  bottle)  before  the  operation  began, 

31.  If  fo,  there  muft  be  a  great  quantity  in  glafs, 
becaufe  a  great  quantity  is  thus  difcharged,  even  from 
very  thin  glafs. 

32.  That  this  ejedtrical  fluid  or  fire  is  ftrongly  at¬ 
tracted  by  glafs,  we  know  from  the  quicknefs  and  vio- 

*  See  Seft,  10,  of  Farther  Experiment^ 
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lence  with  which  it  is  refumed  by  the  part  that  had 
been  deprived  of  it,  when  there  is  an  opportunity. 
And  by  this,  that  we  cannot  from  a  mafs  of  glafs, 
draw  a  quantity  of  electric  fire,  or  eledtrify  the  whole 
mafs  minus ,  as  w'e  can  a  mafs  of  metal.  We  cannot 
lefien  or  increafe  its  whole  quantity,  for  the  quantity 
it  has  it  holds;  and  it  has  as  much  as  it  can  hold. 
Its  pores  are  filled  with  it  as  full  as  the  mutual  repel- 
lency  of  the  particles  will  admit ;  and  what  is  already 
in,  refufes,  or  ftrongly  repels,  any  additional  quan¬ 
tity.  Nor  have  we  any  way  of  moving  the  electrical 
fluid  in  glafs,  but  one ;  that  is,  by  covering  part  of 
the  two  furfaces  of  thin  glafs  with  non-eledtrics,  and 
then  throwing  an  additional  quantity  of  this  fluid  on 
one  furface,  which  fpreading  in  the  non-eledtric,  and 
being  bound  by  it  to  that  furface,  adls  by  its  repelling 
force  on  the  particles  of  the  ele&rical  fluid  contained 
in  the  other  furface,  and  drives  them  out  of  the  glafs 
into  the  non-eleftric  on  that  fide  from  whence  they 
are  difcharged,  and  then  thofe  added  on  the  charged 
fide  can  enter.  But  when  this  is  done,  there  is  no 
more  in  the  glafs,  nor  lefs  than  before,  juft  as  much 
having  left  it  on  one  fide  as  it  received  on  the  other. 

33.  I  feel  a  want  of  terms  here,  and  doubt  much 
whether  I  fhall  be  able  to  make  this  part  intelligible. 
By  the  word  furface ,  in  this  cafe,  I  do  not  mean  mere 
length  and  breadth  without  thicknefs  ;  but  wrhen  I 
fpeak  of  the  upper  or  under  furface  of  a  piece  of  glafs, 
the  outer  or  inner  furface  of  the  vial,  I  mean  length, 
breadth,  and  half  the  thicknefs,  and  beg  the  favour  of 
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being  fo  underftood.  Now,  I  fuppofe,  that  glafs  in 
its  firft  principles,  and  in  the  furnace,  has  no  more  of 
this  eleftrical  fluid  than  other  common  matter :  That 
when  it  is  blown,  as  it  cools,  and  the  particles  of  com¬ 
mon  fire  leave  it,  its  pores  become  a  vacuum :  That 
the  component  parts  of  glafs  are  extremely  fmall  and 
fine,  I  guefs  from  its  never  fhowing  a  rough  face  when 
it  breaks,  but  always  a  polifh  5  and  from  the  fmallnefs 
of  its  particles  I  fuppofe  the  pores  between  them  muft 
be  exceeding  fmall,  which  is  the  reafon  that  aqua-fortis, 
nor  any  other  menftruum  we  have,  can  enter  to  fepa- 
rate  them  and  diffolve  the  fubftance  5  nor  is  any  fluid 
we  know  of,  fine  enough  to  enter,  except  common 
fire,  and  the  eleftric  fluid.  Now  the  departing  fire 
leaving  a  vacuum,  as  aforefaid,  between  thefe  pores, 
which  air  nor  water  are  fine  enough  to  enter  and  fill, 
the  electric  fluid,  (which  is  every  where  ready  in  what 
we  call  the  non-ele&rics,  and  in  the  non-electric  mix¬ 
tures  that  are  in  the  air)  is  attracted  in  5  yet  does  not 
become  fixed  with  the  fubftance  of  the  glafs,  but  fub- 
fifts  there  as  water  in  a  porous  ftone,  retained  only  by 
the  attraction  of  the  fixed  parts,  itfelf  ftill  loofe  and 
a  fluid.  But  I  fuppofe  farther,  that  in  the  cooling 
of  the  glafs,  its  texture  becomes  clofeft  in  the  middle, 
and  forms  a  kind  of  partition,  in  which  the  pores  are 
fo  narrow,  that  the  particles  of  the  eleftrical  fluid, 
which  enter  both  furfaces  at  the  fame  time,  cannot  go 
through,  or  pafs  and  repafs  from  one  furface  to  the 
other,  and  fo  mix  together ;  yet,  though  the  particles 
of  elediric  fluid,  imbibed  by  each  furface,  cannot 
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themfelves  pafs  through  to  thofe  of  the  other,  their 
repeileney  can,  and  by  this  means  they  acr  on  one 
another.  The  particles  of  the  eleCtric  fluid  have  a 
mutual  repeliency,  but  by  the  power  of  attraction  in 
the  glafs  they  are  condenfed  or  forced  nearer  to  each 
other.  When  the  glafs  has  received,  and,  by  its  at¬ 
traction,  forced  clofer  together  fo  much  of  this  eleCtric 
fluid,  as  that  the  power  of  attracting  and  condenflng 
in  the  one,  is  equal  to  the  power  of  expanflon  in  the 
other,  it  can  imbibe  no  more,  and  that  remains  its 
conftant  whole  quantity ;  but  each  furface  would  re¬ 
ceive  more,  if  the  repeliency  of  what  is  in  the  oppo- 
flte  furface  did  not  refill  its  entrance.  The  quantities 
of  this  fluid  in  each  furface  being  equal,  their  repel¬ 
ling  aCtion  on  each  other  is  equal;  and  therefore  thofe 
of  one  furface  cannot  drive  out  thofe  of  the  other ; 
but,  if  a  greater  quantity  is  forced  into  one  furface 
than  the  glafs  would  naturally  draw  in,  this  increafes 
the  repelling  power  on  that  fide,  and  overpowering 
the  attraction  on  the  other,  drives  out  part  of  the 
fluid  that  had  been  imbibed  by  that  furface,  if  there 
be  any  non-electric  ready  to  receive  it :  fuch  there  is 
in  all  cafes  where  glafs  is  electrified  to  give  a  fliock. 

o  o 

The  furface  that  has  been  thus  emptied  by  having  its 
electrical  fluid  driven  out,  refumes  again  an  equal 
quantity  with  violence,  as  foon  as  the  glafs  has  an 
opportunity  to  difeharge  that  over  quantity  more  than 
it  could  retain  by  attraction  in  its  other  furface,  by 
the  additional  repeliency  of  which  the  vacuum  had 
been  occafioned.  For  experiments  favouring  (if  I 
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may  not  fay  confirming)  this  hypothefis,  I  muff, 
to  avoid  repetition,  beg  leave  to  refer  you  back 
to  what  is  faid  of  the  eleftrical  phial  in  my  former 
papers. 

34.  Let  us  now  fee  how  it  will  account  for  feveral 
other  appearances. — Glafs,  a  body  extremely  elaftic, 
(and  perhaps  its  elafticity  may  be  owing  in  fome  de¬ 
gree  to  the  fubfifting  of  fo  great  a  quantity  of  this  re¬ 
pelling  fluid  in  its  pores)  muft,  when  rubbed,  have 
its  rubbed  furface  fomewhat  ftretched,  or  its  foiid 
parts  drawn  a  little  farther  afunder,  fo  that  the  va¬ 
cancies  in  which  the  eleftrical  fluid  refides,  become 
larger,  affording  room  for  more  of  that  fluid,  which 
is  immediately  attracted  into  it  from  the  cufhion  or 
hand  rubbing,  they  being  fupplied  from  the  common 
flock.  But  the  inftant  the  parts  of  the  glafs  fo  opened 
and  filled,  have  palled  the  friction,  they  clofe  again, 
and  force  the  additional  quantity  out  upon  the  fur- 
face,  where  it  muft  reft  till  that  part  comes  round  to 
the  cufhion  again,  unlefs  fome  non-eleftric  (as  the 
prime  conduftor  firft  prefents  to  receive  it  But  if 
the  infide  of  the  globe  be  lined  with  a  non-ele&ric, 
the  additional  repellency  of  the  eledlrical  fluid,  thus 
collected  by  friction  on  the  rubb’d  part  of  the  globe’s 


,  *  In  the  dark  the  electric  fluid  may  be  feen  on  the  cufhion  in  two  femi- 
circles  or  half-moons,  one  on  the  fore-part,  the  other  on  the  back  part  of 
the  cufhion,  juft  where  the  globe  and  cufhion  feparate.  In  the  fore  cref- 
cent  the  fire  is  palling  out  of  the  cufhion  into  the  glafs;  in  the  other  it  is 
leaving  the  glafs,  and  returning  into  the  back  part  of  the  cufhion.  When 
the  prime  conductor  is  apply’d  to  take  it  off  the  glafs,  the  back  crefcent 
difappears. 
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outer  furface,  drives  an  equal  quantity  out  of  the 
inner  furface  into  that  non-ele£tric  lining,  which  re¬ 
ceiving  it,  and  carrying  it  away  from  the  rubb’d  part 
into  the  common  mafs,  through  the  axis  of  the  globe, 
and  frame  of  the  machine,  the  new  collected  elec¬ 
trical  fluid  can  enter  and  remain  in  the  outer  furface, 
and  none  of  it  (or  a  very  little)  will  be  received  by  the 
prime  conductor.  As  this  charg’d  part  of  the  globe 
comes  round  to  the  culhion  again,  the  outer  furface 
delivers  its  overplus  fire  into  the  cufnion,  the  oppofite 
inner  furface  receiving  at  the  fame  time  an  equal  quan¬ 
tity  from  the  floor.  Every  electrician  knows  that  a 
globe  wet  within  will  afford  little  or  no  fire,  but  the 
reafon  has  not  before  been  attempted  to  be  given,  that 
I  know  of. 

34.  So  if  a  tube  lined  with  a  *  non-electric  be 
rubb’d,  little  or  no  fire  is  obtained  from  it.  What  is 
collected  from  the  hand  in  the  downward  rubbing 
itroke,  entering  the  pores  of  the  glafs,  and  driving  an 
equal  quantity  out  of  the  inner  furface  into  the  non¬ 
electric  lining :  and  the  hand  in  palling  up  to  take  a 
fecond  Itroke,  takes  out  again  what  had  been  thrown 
into  the  outer  furface,  and  then  the  inner  furface  r e-r 
ceives  back  again  what  it  had  given  to  the  non-eledtric 
lining.  Thus  the  particles  of  eledtrical  fluid  belonging 
to  the  infide  furface  go  in  and  out  of  their  pores  every 
ftroke  given  to  the  tube.  Put  a  wire  into  the  tube* 

*  Gilt  Paper>.  with  the  gilt  face  next  the  glafs,  decs  well. 
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the  inward  end  in  contact  with  the  non-ele£tric  linings 
fo  it  will  reprelent  the  Leyden  bottle.  Let  a  fecond 
perfon  touch  the  wire  while  you  rub,  and  the  fire 
driven  out  of  the  inward  furface  when  you  give  the 
ftroke,  will  pafs  through  him  into  the  common  mafs, 
and  return  through  him  when  the  inner  furface  re- 
fumes  its  quantity,  and  therefore  this  new  kind  of 
Leyden  bottle  cannot  be  fo  charged.  But  thus  it  may: 
after  every  ftroke,  before  you  pafs  your  hand  up  to 
make  another,  let  a  fecond  perfon  apply  his  finger 
to  the  wire,  take  the  fpark,  and  then  withdraw  his 
finger  ;  and  fo  on  till  he  has  drawn  a  number  of 
fparks  ;  thus  will  the  inner  furface  be  exhaufted,  and 
the  outer  furface  charged ;  then  wrap  a  fheet  of  gilt 
paper  clofe  round  the  outer  furface,  and  grafping  it 
in  your  hand  you  may  receive  a  fhock  by  applying  the 
finger  of  the  other  hand  to  the  wire  :  for  now  the 
vacant  pores  in  the  inner  furface  refume  their  quan¬ 
tity,  and  the  overcharg’d  pores  in  the  outer  furface 
difcharge  that  overplus;  the  equilibrium  being  reftored 
through  your  body,  which  could  not  be  reftored  thro’ 
the  glafs  *.  If  the  tube  be  exhaufted  of  air,  a  non- 
eleetric  lining,  in  contact  with  the  wire,  is  not  ne- 
ceflary  ;  for  in  vacuo  the  eleftrical  fire  will  fly  freely 
from  the  inner  furface,  without  a  non-eleftric  con- 
duftor :  but  air  refills  in  motion;  for  being  itfelf  an 
eledlric  >per  fey  does  not  attraft  it,  having  already 


f'  See  Further  Experiments ,  Seer.  15% 
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its  quantity.  So  the  air  never  draws  off  an  electric 
atmofphere  from  any  body,  but  in  proportion  to  the 
non-elefrrics  mixed  with  it :  it  rather  keeps  fuch  an 
atmofphere  confin’d,  which  from  the  mutual  repulfion 
of  its  particles,  tends  to  difiipation,  and  would  im¬ 
mediately  difiipate  in  vacuo . — And  thus  the  experiment 
of  the  feather  inclofed  in  a  glafs  veflel  hermetically 
fealed,  but  moving  on  the  approach  of  the  rubbed 
tube,  is  explained  :  When  an  additional  quantity  of 
the  eledlrical  fluid  is  applied  to  the  fide  of  the  veflel 
by  the  atmofphere  of  the  tube,  a  quantity  is  repelled 
and  driven  out  of  the  inner  furface  of  that  fide  into 
the  veflel,  and  there  affedts  the  feather,  returning 
again  into  its  pores,  when  the  tube  with  its  atmofphere 
is  withdrawn  3  not  that  the  particles  of  that  atmof¬ 
phere  did  themfelves  pafs  through  the  glafs  to  the  fea¬ 
ther.-— And  every  other  appearance  I  have  yet  feen,  in 
which  glafs  and  eleftricity  are  concerned,  are,  I  think, 
explained  with  equal  eafe  by  the  fame  hypothefis.  Yet, 
perhaps,  it  may  not  be  a  true  one,  and  I  fhall  be 
obliged  to  him  that  affords  me  a  better. 

35.  Thus  I  take  the  difference  between  non-elec¬ 
trics,  and  glafs,  an  eleftric  per  fe ,  to  confift  in  thefe 
two  particulars,  iff,  That  a  non-electric  eafily  fuffers 
a  change  in  the  quantity  of  the  electric  fluid  it  con¬ 
tains.  You  may  leflen  its  whole  quantity,  by  drawing 
out  a  part,  which  the  whole  body  will  again  refume  3 
but  of  glafs  you  can  only  leflen  the  quantity  contained 
in  one  of  its  furfaces  3  and  not  that,  but  by  fupplying 
an  equal  quantity  at  the  fame  time  to  the  other  fur- 
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face :  fo  that  the  whole  glafs  may  always  have  the 
fame  quantity  in  the  two  furfaces,  their  two  different 
quantities  being  added  together.  And  this  can  only 
be  done  in  glafs  that  is  thin ;  beyond  a  certain  thick- 
nefs  we  have  yet  no  power  that  can  make  this  change. 
And,  2dly,  that  the  eleftric  fire  freely  removes  from 
place  to  place,  in  and  through  the  fubftance  of  a  non¬ 
electric,  but  not  fo  through  the  fubftance  of  glafs.  If 
you  offer  a  quantity  to  one  end  of  a  long  rod  of 
metal,  it  receives  it,  and  when  it  enters,  every  particle 
that  was  before  in  the  rod,  pufhes  its  neighbour  quite 
to  the  farther  end,  where  the  overplus  is  difcharged ; 
and  this  inftantaneoufly  where  the  rod  is  part  of  the 
circle  in  the  experiment  of  the  fhock.  But  glafs,  from 
the  fmallnefs  of  its  pores,  or  ftronger  attraction  of 
what  it  contains,  refufes  to  admit  fo  free  a  motion  y 
a  glafs  rod  will  not  conduCt  a  fhock,  nor  will  the 
thinned:  glafs  buffer  any  particle  entering  one  of  its 
furfaces  to  pals  through  to  the  other. 

36.  Hence  we  fee  the  impoffibility  of  fuccefs  in  the 
experiments  propofed,  to  draw  out  the  effluvial  virtues 
of  a  non-eleftric,  as  cinnamon,  for  inftance,  and  mix¬ 
ing  them  with  the  eleftric  fluid,  to  convey  them  with 
that  into  the  body,  by  including  it  in  the  globe,  and 
then  applying  friftion,  &c .  For  though  the  effluvia 
of  cinnamon,  and  the  eleftric  fluid  fhould  mix  within 
the  globe,  they  would  never  come  out  together  through 
the  pores  of  the  glafs,  and  fo  go  to  the  prime  con¬ 
ductor  ;  for  the  eleftric  fluid  itfelf  cannot  come 
through ;  and  the  prime  conductor  is  always  fupply’d* 

from 
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from  the  cufiiion,  and  that  from  the  floor.  And  be- 
fldes,  when  the  globe  is  filled  with  cinnamon,  or 
other  non-eledlric,  no  eleftric  fluid  can  be  obtained 
from  its  outer  furface,  for  the  reafon  before-men¬ 
tioned.  I  have  tried  another  way,  which  I  thought 
more  likely  to  obtain  a  mixture  of  the  ele&ric  and 
other  effluvia  together,  if  fuch  a  mixture  had  been 
poflible.  I  placed  a  glafs  plate  under  my  cufiiion,  to 
cut  off  the  communication  between  the  cufiiion  and 
floor  5  then  brought  a  fmall  chain  from  the  cufiiion 
into  a  glafs  of  oil  of  turpentine,  and  carried  another 
chain  from  the  oil  of  turpentine  to  the  floor,  taking 
care  that  the  chain  from  the  cufiiion  to  the  glafs, 
touch’d  no  part  of  the  frame  of  the  machine.  Ano¬ 
ther  chain  was  fixed  to  the  prime  conductor,  and  held 
in  the  hand  of  a  perfon  to  be  electrified.  The  ends  of 
the  two  chains  in  the  glafs  were  near  an  inch  diftant 
from  each  other,  the  oil  of  turpentine  bet\veen.  Now 
the  globe  being  turned,  could  draw  no  fire  from  the 
floor  through  the  machine,  the  communication  that 
way  being  cut  off  by  the  thick  glafs  plate  under  the 
cufiiion :  it  muft  then  draw  it  through  the  chains 
whofe  ends  were  dipped  in  the  oil  of  turpentine. 
And  as  the  oil  of  turpentine,  being  an  electric  per  fe , 
would  not  conduct,  what  came  up  from  the  floor  was 
obliged  to  jump  from  the  end  of  one  chain  to  the 
end  of  the  other,  through  the  fubftance  of  that  oil, 
which  we  could  fee  in  large  fparks,  and  fo  it  had  a 
fair  opportunity  of  feizing  fome  of  the  fi nefi  particles 
of  the  oil  in  its  palfage,  and  carrying  them  off  with 
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it :  but  no  fuch  effeCt  followed,  nor  could  I  perceive 
the  leaft  difference  in  the  fmell  of  the  eleCtric  effluvia 
thus  collected,  from  what  it  has  when  collected  other- 
wife,  nor  does  it  otherwife  affeft  the  body  of  a  perfon 
eleCtrifed.  I  likewile  put  into  a  phial,  inftead  of  water, 
a  itrong  purgative  liquid,  and  then  charged  the  phial, 
and  took  repeated  fhocks  from  it,  in  which  cafe  every 
particle  of  the  electrical  fluid  muft,  before  it  went 
through  my  body,  have  firft  gone  through  the  liquid 
when  the  phial  is  charging,  and  returned  through/  it 
when  difcharging,  yet  no  other  effeCt  followed  than  if 
it  had  been  charged  with  water.  J  have  alfo  fmelt  the 
eleCtric  fire  when  drawn  through  gold,  filver,  copper, 
lead,  iron,  wood,  and  the  human  body,  and  could 
perceive  no  difference :  the  odour  is  always  the  fame; 
where  the  fpark  does  not  burn  what  it  ftrikes  ;  and 
therefore  I  imagine  it  does  not  take  that  fmell  from 
any  quality  of  the  bodies  it  paffes  through.  And  in¬ 
deed,  as  that  fmell  fo  readily  leaves  the  eleCtric  matter, 
and"  adheres  to  the  knuckle  receiving  the  fparks,  and 
to  other  things  5  I  fufpeCt  that  it  never  was  connected 
with  it*  but  arifes  inftantaneoufly  from  fomething  in 
the  air  aCted  upon  by  it.  For  if  it  was  fine  enough  . 
to  come  with  the  eleCtric  fluid  through  the  body 
of  one  perfon,  why  fhould  it  flop  on  the  fkin  of 
another i 

But  I  lhall  never  have  done,  if  I  tell  you  all  my 
conjectures,  thoughts,  and  imaginations  on  the  nature 
and  operations  of  this  eleCtric  fluid,  and  relate  the 
variety  of  little  experiments  we  have  tried.  I  have 
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already  made  this  paper  too  long,  for  which  I  mull: 
crave  pardon,  not  having  now  time  to  abridge  it,  1 
Ihalf  only  add,  that  as  it  has  been  obferved  here  that 
ipirits  will  fire  by  the  eleftric  fpark  in  the  fummer 
time,  without  heating  them,  when  Fahrenheit' $  ther¬ 
mometer  is  above  70  ;  fo  when  colder,  if  the  operator 
puts  a  fmall  flat  bottle  of  ipirits  in  his  bofom,  or  a 
clofe  pocket,  with  the  fpoon,  fome  little  time  before 
he  ufes  them,  the  heat  of  his  body  will  communicate 
warmth  more  Than  fufficient  for  the  purpofe. 
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ADDITIONAL  EXPERIMENT: 
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Proving *  that  the  Leyden  Bottle  has  no  more  electrical  Fire 
in  it  when  charged >  than  before  y  nor  lefs  when  dif charged [: 
f  hat\  in  difcharging ,  the  Fire  does  not  ijj'ue from  the  Wire 
..  and  the  Coating  at  the  fame  Fime ,  as  fome  have  thought , 
but  that  the  Coating  always  receives  what  is  dif charged 
by  the  Wire,  or  an  equal  Quantity  y  the  put er  Surface 
being  always  in  a  negative  State  of  EleBrictiy ,  when  the 
inner  Surface  is  in  a  pofitive  State , 


PLACE  a  thick  plate  of  glafs  under  the  rubbing 
cufhion,  to  cut  off  the  communication  of  elec¬ 
trical  fire  from  the  floor  to  the  cufliion ;  then,  if 
there  be  no  fine  points  or  hairy  threads  flicking  out 
from  the  cufhion,  or  from  the  parts  of  the  machine 
oppofite  to  the  cufliion,  (of  which  you  muft  be  care¬ 
ful)  you  can  get  but  a  few  fparks  from  the  prime  con¬ 
ductor,  which  are  all  the  cufhion  will  part  with. 

Hang  a  phial  then  on  the  prime  conductor,  and  it 
will  not  charge  though  you  hold  it  by  the  coating.— 
But, 

Form  a  communication  by  a  chain  from  the  coating 
to  the.  cufhion,  and  the  phial  will  charge. 

For  the  globe  then  draws  the  eleCtric  fire  out  of  the 
outfide  furface  of  the  phial,  and  forces  it  through  the 
prime  conductor  and  wire  of  the  phial,  into  the  infide 
furface. 
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Thus  the  bottle  is  charged  with  its  own  fire,  no 
other  being  to  be  had  while  the  glafs  plate  is  under  the 
cufhion. 

Hang  two  cork  balls  by  flaxen  threads  to  the  prime 
conductor ;  then  touch  the  coating  of  the  bottle,  and 
they  will  be  ele&rified  and  recede  from  each  other. 

For  juft  as  much  fire  as  you  give  the  coating,  fo 
much  is  difcharged  through  the  wire  upon  the  prime 
conductor,  whence  the  cork  balls  receive  an  eleftrical 
atmofphere. — But* 

Take  a  wire  bent  in  the  form  of  a  C,  with  a  ftick 
of  wax  fixed  to  the  outfide  of  the  curve,  to  hold  it 

9  J 

by  ;  and  apply  one  end  of  this  wire  to  the  coating, 
and  the  other  at  the  fame  time  to  the  prime  condu&or, 
the  phial  will  be  difcharged;  and  if  the  balls  are  not 
ele&rified  before  the  difcharge,  neither  will  they  ap¬ 
pear  to  be  fo  after  the  difcharge,  for  they  will  not  re¬ 
pel  each  other. 

Now  if  the  fire  difcharged  from  the  infide  furface 
of  the  bottle  through  its  wire,  remained  on  the  prime 
conduftor,  the  balls  would  be  eleftrified,  and  recede 
from  each  other. 

If  the  phial  really  exploded  at  both  ends,  and  dif¬ 
charged  fire  from  both  coating  and  wire,  the  balls 
would  be  more  electrified,  and  recede  farther  ^  for  none 
of  the  fire  can  efcape,  the  wax  handle  preventing. 

But  if  the  fire,  with  which  the  infide  furface  is 
furcharged,  be  fo  much  precifely  as  is  wanted  by  the 
outfide  furface,  it  will  pafs  round  through  the  wire 
fixed  to  the  wax  handle,  reftore  the  equilibrium  in 

the 
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the  glafs,  and  make  no  alteration  in  the  ftate  of  the 
prime  conductor. 

Accordingly  we  find,  that  if  the  prime  condudlor 
be  elettrified,  and  the  cork  balls  in  a  ftate  of  repel* 
lency  before  the  bottle  is  difcharged,  they  continue 
fo  afterwards.  If  not,  they  are  not  eledlrified  by  that 
difcharge. 
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FROM 

Benj.  Franklin,  Efq\  of  Philadelphia 

T  O 

Peter  Collinson,  Efq;  F.  R.  S.  London . 

sir ,  *  27, 1750. 

MR.  W-tf-n ,  I  believe,  wrote  his  Obfervations  on 
my  laft  paper  in  hafte,  without  having  firft  well 
confidered  the  Experiments  related  §.  17.  *.  which  ftill 
appear  to  me  decifive  in  the  queftion, — Whether  the  ac¬ 
cumulation  of  the  electrical  fire  be  in  the  electrified  glafs ,  or 
in  the  non-eleCiric  matter  connected  with  the  glafs  ?  and  to 
demonftrate  that  it  is  really  in  the  glafs. 

As  to  the  experiment  that  ingenious  Gentleman 
mentions,  and  which  he  thinks  conclufive  on  the 
other  fide,  I  perfuade  myfelf  he  will  change  his  opi¬ 
nion  of  it,  when  he  confiders,  that  as  one  perfon  ap¬ 
plying  the  wire  of  the  charged  bottle  to  warm  fpirits. 


*  See  the  paper  entitled,  Farther  Experiments,  &c, 
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in  a  fpoon  held  by  another  perfon,  both  ftanding  on 
the  floor,  will  fire  the  fpirits,  and  yet  fuch  firing  will 
not  determine  whether  the  accumulation  was  in  the 
glafs  or  the  non-eleftric ;  fo  the  placing  another  per¬ 
fon  between  them,  ftanding  on  wax,  with  a  bafon  in 
his  hand,  into  which  the  water  from  the  phial  is  poured, 
while  be  at  the  infant  of  pouring  prefents  a  finger  of  his 
other  hand  to  the  fpirits,  does  not  at  all  alter  the 
cafe ;  the  ftream  from  the  phial,  the  fide  of  the  bafon, 
with  the  arms  and  body  of  the  perfon  on  the  wax, 
being  all  together  but  as  one  long  wire,  reaching  from 
the  internal  furface  of  the  phial  to  the  fpirits. 

June  29,  1751.  In  Capt.  Waddelis  account  of  the 
effects  of  lightning  on  his  fliip,  I  could  not  but  take 
notice  of  the  large  comazants  (as  he  calls  them)  that 
fettled  on  the  fpintles  at  the  top-maft  heads,  and  burnt 
like  very  large  torches  (before  the  ftroke).  According 
to  my  opinion,  the  eleftrical  fire  was  then  drawing 
off,  as  by  points,  from  the  cloud ;  the  largenefs  of  the 
flame  betokening  the  great  quantity  of  electricity  in 
the  cloud :  and  had  there  been  a  good  wire  commu¬ 
nication  from  the  lpintle  heads  to  the  fea,  that  could 
have  conducted  more  freely  than  tarred  ropes,  or 
mails  of  turpentine  wood,  I  imagine  there  would 
either  have  been  no  ftroke ;  or,  if  a  ftroke,  the  wire 
would  have  conducted  it  all  into  the  fea  without  damage 
to  the  (hip. 

His  compafies  loft  the  virtue  of  the  load-ftone,  or 
the  poles  were  reverfed;  the  North  point  turning  to 
the  South. — By  Electricity  we  have  (here  at  Philadel¬ 
phia)  frequently  given  polarity  to  needles,  and  reverfed 
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it  at  pleafure.  Mr.  IVilfon ,  at  Londony  tried  it  on  too 
large  mafles,  and  with  too  fmall  force* 

A  fhock  from  four  large  glafs  jars,  fent  through  a 
fine  fewing  needle,  gives  it  polarity,  and  it  will  tra- 
verfe  when  laid  on  water.— If  the  needle  when  ftruck 
lies  Eaft  and  Weft,  the  end  entered  by  the  eledtric 
blaft  points  North.— If  it  lies  North  and  South,  the 
end  that  lay  towards  the  North  will  continue  to  point 
North  when  placed  on  water,  whether  the  fire  entered 
at  that  end,  or  at  the  contrary  end. 

The  polarity  given  is  ftrongeft  when  the  needle  is 
ftruck  lying  North  and  South,  weakeft  when  lying 
Eaft  and  Weft;  perhaps  if  the  force  was  ftill  greater, 
the  South  end,  entered  by  the  fire,  (when  the  needle 
lies  North  and  South)  might  become  the  North,  other- 
wife  it  puzzles  us  to  account  for  the  inverting  of  com- 
paffes  by  lightning;  fince  their  needles  mull  always 
be  found  in  that  lituation,  and  by  our  little  Experi¬ 
ments,  whether  the  blaft  entered  the  North  and  went 
out  at  the  South  end  of  the  needle,  or  the  contrary, 
ftill  the  end  that  lay  to  the  North  fhould  continue  to 
point  North. 

In  thefe  experiments  the  ends  of  the  needles  are 
fometimes  finely  blued  like  a  watch-fpring  by  the  elec¬ 
tric  flame. — This  colour  given  by  the  flafh  from  two 
jars  only,  will  wipe  off,  but  four  jars  fix  it,  and  fre¬ 
quently  melt  the  needles.  I  fend  you  fome  that  have 
had  their  heads  and  points  melted  off  by  our  mimic 
lightning  ;  and  a  pin  that  had  its  point  melted  off, 
and  fome  part  of  its  head  and  neck  run.  Sometimes 
the  furface  on  the  body  of  the  needle  is  alfo  run,  and 
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appears  bliftered  when  examined  by  a  magnifying 
glafs :  the  jars  I  make  ufe  of  hold  feven  or  eight  gal¬ 
lons,  and  are  coated  and  lined  with  tin  foil;  each  of 
them  takes  a  thoufand  turns  *  of  a  globe  nine  inches 
diameter  to  charge  it. 

I  fend  you  two  fpecimens  of  tin-foil  melted  between 
glafs ,  by  the  force  of  two  jars  only. 

I  have  not  heard  that  any  of  your  European  Eleftri- 
cians  have  ever  been  able  to  fire  gun-powder  by  the 
eleftric  flame. — We  do  it  here  in  this  manner.— A 
fxnall  cartridge  is  filled  with  dry  powder,  hard  ram¬ 
med,  fo  as  to  bruifle  fome  of  the  grains ;  two  pointed 
wires  are  then  thruft  in,  one  at  each  end,  the  points 
approaching  each  other  in  the  middle  of  the  cartridge 
till  within  the  diftance  of  half  an  inch ;  then,  the 
cartridge  being  placed  in  the  circuit,  when  the  four  jars 
are  difcharged,  the  eieftric  flame  leaping  from  the 
point  of  one  wire  to  the  point  of  the  other,  within 
the  cartridge  amongft  the  powder,  fires  if,  and  the  ex- 
plofion  of  the  powder  is  at  the  fame  inftant  with  the 
crack  of  the  difcharge. 

Tours ,  &-c. 

B-  FRANKLIN. 

The  cufbion  being  afterwards  covered  with  a  'long  flap  of  buckfkin, 
which  might  cling  to  the  globe.;  and  care  being  taken  to  keep  that  flap  of 
a  due  temperature;  between  too  dry  and  too  moift,  we  found  fo  much  more 
4>f  the  -ele&mc  fluid  was  "obtained,  as  that  150  turns  were  fufficient.  1753* 
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FROM 

Benj.  Franklin,  Efq ;  of  Philadelphia , 

T  O 

C.  C.  Efq;  at  New -York. 

Communicated  to  Mr.  Collinson. 

SIR ,  1751. 

T  Inclofe  you  anfwers,  fuch  as  my  prefent  hurry  of 
JL  bufinefs  will  permit  me  to  make,  to  the  principal 
queries  contained  in  yours  of  the  28th  inftant,  and 
beg  leave  to  refer  you  to  the  latter  piece  in  the 
printed  collection  of  my  papers,  for  farther  explana¬ 
tion  of  -the  difference  between  what  is  called  declines  per 
fe9  and  non-eledrics.  When  you  have  had  time  to  read 
and  confider  thefe  papers,  I  will  endeavour  to  make 
any  new  experiments  you  fliali  propofe,  that  you  think 
may  afford  farther  light  or  fatisfaftion  to  either  of  us  5 
and  fliali  be  much  obliged  to  you  for  fuch  remarks, 
'Objections,  &c.  as  may  occur  to  you. — I  forget  whe¬ 
ther  1  wrote  to  you  that  I  have  melted  brafs  pins  and 
jCteel  needles,  inverted  the  poles  of  the  magnetic  nee¬ 
dle,  given  a  magnetifm  and  polarity  to  needles  that 
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had  none,  and  fired  dry  gunpowder  by  the  eledlric 
fpark.  I  have  five  bottles  that  contain  eight  or  nine 
gallons  each,  two  of  which  charg’d  are  fufficient  for 
thofe  purpofes :  but  1  can  charge  and  difcharge  them 
altogether.  There  are  no  bounds  (but  what  expence 
and  labour  give)  to  the  force  man  may  raife  and  ufe 
in  the  electrical  way  :  For  bottle  may  be  added  to 
bottle  in  infinitum ,  and  all  united  and  difcharged  to¬ 
gether  as  one,  the  force  and  effedt  proportioned  to 
their  number  and  fize.  The  greatefi:  known  effects  of 
common  lightning  may,  I  think,  without  much  dif¬ 
ficulty,  be  exceeded  in  this  way,  which  a  few  years 
fince  could  not  have  been  believed,  and  even  now  may 
feem  to  many  a  little  extravagant  to  fuppofe. — So  we 
are  got  beyond  the  fkill  of  Rabelais  s  devils  of  two 
years  old,  who,  he  humouroufly  fays,  had  only  learnt 
to  thunder  and  lighten  a  little  round  the  head  of  a 
cabbage, 

I  am ,  with  Jincere  refipedi , 


Your  mo  ft  obliged  humble  fierv  ant , 


B.  FRANKLIN, 
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QUERIES  and  ANWSERS  referred  to  in  the 

foregoing  Letter . 

Query i  Wherein  confifts  the  difference  between  an 
electric  and  a  non-eleclric  body  ? 

Anjkver .  The  terms  eleftric  per  fe>  and  non-elefrric, 
were  fir  ft  ufed  to  diftinguifh  bodies,  on  a  miftaken 
fuppofition  that  thofe  called  eledlrics  per  fe,  alone  con¬ 
tained  electric  matter  in  their  fubftance,  which  was 
capable  of  being  excited  by  friction,  and  of  being  pro¬ 
duced  or  drawn  from  them,  and  communicated  to 
thofe  called  non-eleCtrics,  fuppofed  to  be  deftitute  of 
it :  For  the  glafs,  &c.  being  rubb’d,  difcoverd  figns  of 
having  it,  by  fnapping  to  the  finger,  attracting,  re¬ 
pelling,  &c.  and  could  communicate  thofe  figns  to* 
metals  and  water. — Afterwards  it  was  found,  that 
rubbing  of  glafs  would  not  produce  the  electric  mat¬ 
ter,  unlefs  a  communication  was  preferved  between 
the  rubber  and  the  floor;  and  fubfequent  experiments 
proved  that  the  eleftric  matter  was  really  drawn  from 
thofe  bodies  that  at  firft  were  thought  to  have  none  in 
them.  Then  it  was  doubted  whether  glafs  and  other 
bodies  called  electrics  per  fe ,  had  really  any  eleftric 
matter  in  them,  fince  they  apparently  afforded  none 
but  what  they  firft  extracted  from  thofe  which  had 
been  called  non-electrics.  But  fo me  of  my  experi¬ 
ments  fhew  that  glafs  contains  it  in  great  quantity, 
and  I  now  fufpeft  it  to  be  pretty  equally  diffufed  in 
all  the  matter  of  this  terraqueous  globe.  If  fo,  the 

terms 
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terms  eleClric  per  fe>  and  non-eleCtric,  fliould  be  laid 
afide  as  improper :  and  (the  only  difference  being  this, 
that  fome  bodies  will  conduCt  eleclric  matter,  and 
others  will  not)  the  terms  conductor  and  mn-conduClor 
may  fupply  their  place.  If  any  portion  of  electric 
matter  is  applied  to  a  piece  of  conducing  matter,  it 
penetrates  and  flows  through  it,  or  fpreads  equally  on 
its  furface 3  if  applied  to  a  piece  of  non-conducting 
matter,  it  will  do  neither.  PerfeCfc  conductors  of  elec¬ 
tric  matter  are  only  metals  and  water.  Other  bodies 
conducting  only  as  they  contain  a  mixture  of  thofe  ; 
without  more  or  lefs  of  which  they  will  not  conduct: 
at  all  *.  This  (by  the  way)  fliews  a  new  relation 
between  metals  and  water  heretofore  unknown. 

To  illuftrate  this  by  a  comparifon,  which,  however, 
can  only  give  a  faint  refemblance.  EleCtric  matter 
pafles  through  conductors  as  water  pafles  through  a 
porous  ftone,  or  fpreads  on  their  furfaces  as  water 
fpreads  on  a  wet  ftone  3  but  when  applied  to  non-con- 
duCtors,  it  is  like  water  dropt  on  a  greafy  ftone,  it 
neither  penetrates,  pafles  through,  nor  fpreads  on  the 
furface,  but  remains  in  drops  where  it  falls.  See  far¬ 
ther  on  this  head,  in  my  laft  printed  piece,  entitled, 
Opinions  and  Conjectures,  &c.  1749. 

Query,  What  are  the  effeCts  of  air  in  eleCtrical  ex¬ 
periments  ? 

Anfwer .  All  I  have  hitherto  obferved  are  thefe. 

*  This  proportion  is  fince  found  to  be  too  general 3  Mr.  Wilfon  having 
difcovered  that  melted  wax  and  rofin  will  alfo  conduct. 
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Moift  air  receives  and  condudts  the  electrical  matter 
in  proportion  to  its  moifture,  quite  dry  air  not  at  all  : 
air  is  therefore  to  be  clafs’d  with  the  non-conductors. 
Dry  air  affifts  in  confining  the  elettrical  atmofphere  to 
the  body  it  furrounds,  and  prevents  its  difiipating  :  for 
in  vacuo  it  quits  eafily,  and  points  operate  ftronger, 
i.  e .  they  throw  off  or  attract  the  electrical  matter  more 
freely,  and  at  greater  diftances ;  fo  that  air  intervening 
obftruCts  its  paffage  from  body  to  body  in  fome  de¬ 
gree.  A  clean  eleCtrical  phial  and  wire,  containing 
air  inftead  of  water,  will  not  be  charged  nor  give  a 
fliock,  any  more  than  if  it  was  filled  with  powder  of 
glafs ;  but  exhaufted  of  air,  it  operates  as  well  as  if 
filled  with  water.  Yet  an  eleCtric  atmofphere  and  air 
do  not  feem  to  exclude  each  other,  for  we  breathe 
freely  in  fuch  an  atmofphere,  and  dry  air  will  blow 
through  it  without  difplacing  or  driving  it  away.  I 
queftion  whether  the  ftrongeft  dry  North-Wefter  -f* 
would  diffipate  it.  I  once  eledlrified  a  large  cork-ball 
at  the  end  of  a  filk  thread  three  feet  long,  the  other 
end  of  which  I  held  in  my  fingers,  and  whirl’d  it 
round,  like  a  fling,  100  times  ifi  the  air,  with  the 
fwifteft  motion  I  could  poflibly  give  it,  yet  it  retained 
its  electric  atmofphere,  though  it  mull  have  paffed 
through  800  yards  of  air,  allowing  my  arm  in  giving 
the  motion  to  add  a  foot  to  the  femi-diameter  of  the 
circle.— By  quite  dry  air,  I  mean  the  dryeft  wre  have : 
for  perhaps  we  never  have  any  perfectly  free  from 
moifture.  An  electrical  atmofphere  raifed  round  a 

•f  A  cold  dry  wind  of  North  America. 

O  thick 
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thick  wire,  inferted  in  a  phial  of  air,  drives  out  none 
of  the  air,  nor  on  withdrawing  that  atmofphere  will 
any  air  rufli  in,  as  I  have  found  by  a  curious  experi¬ 
ment  *j~  accurately  made,  whence  we  concluded  that 
the  air’s  elafticity  was  not  affe&ed  thereby. 

s  r  '  '  •  ■  p  ‘  ‘  '  {'  '  r  " 
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An  Experiment  towards  difcovering  more  of  the  Qualities  of 

the  EleBric  Fluid . 

g ft rj 

From  the  prime  conduftor,  hang  a  bullet  by  a  wire 
hook  5  under  the  bullet,  at  half  an  inch  diftance, 
place  a  bright  piece  of  filver  to  receive  the  fparks$ 
then  let  the  wheel  be  turned,  and  in  a  few  minutes, 
(if  the  repeated  fparks  continually  ftrike  in  the  fame 
fpot)  the  filver  will  receive  a  blue  ftain,  near  the  co¬ 
lour  of  a  watch  fpring. 


f  The  experiment  here  mentioned  was  thus  made.  An  empty  phial  was 
flopped  with  a  cork.  Through  the  cork  palled  a  thick  wire,  as  ufual  in  the 
Leyden  experiment,  which  wire  almoft  reached  the  bottom:  Through  ano¬ 
ther  part  of  the  cork  palled  one  leg  of  a  fmall  glafs  fyphon,  the  other  leg  on 
the  outfide  came  down  almoft  to  the  bottom  of  the  phial.  This  phial  was 
firft  held  a  ihort  time  in  the  hand,  which  warming,  and  of  courfe  rarifying 
the  air  within,  drove  a  fmall  part  of  itout  through  the  fyphon.  Then  a  little 
red  ink  in  a  tea-fpoon  was  applied  to  the  opening  of  the  outer  leg  of  the 
fyphon  fo  that  as  the  air  within  cooled,  a  little  of  the  ink  might  rife  in  that 
leg.  When  the  air  within  the  bottle  came  to  be  of  the  fame  temperature  of 
that  without,  the  drop  of  red  ink  would  reft  in  a  certain  part  of  the  leg.  But 
the  warmth  of  a  finger  applied  to  the  phial  would  caufe  that  drop  to  defcend, 
as  the  leaft  outward  coolnefs  applied  would  make  it  afcend.  When  it  had 
found  its  fituation,  and  was  at  reft,  the  wire  was  electrified  by  a  communi¬ 
cation  from  the  prime  conductor.  This  was  fuppofed  to  give  an  eledtric 
atmofphere  to  the  wire  within  the  bottle,  which  might  likewife  rarify  the 
included  air,  and  of  courfe  deprefs  the  drop  of  ink,  in  the  fyphon.  But  no 
Inch  effect  followed, 

A  bright 


/ 
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A  bright  piece  of  iron  will  alfo  be  lpotted,  but  not 
with  that  colour  ;  it  rather  feems  corroded. 

On  gold,  brafs,  or  tin,  I  have  not  perceived  that  it 
makes  any  impreffion.  But  the  fpots  on  the  filver  or 
iron  will  be  the  fame,  whether  the  bullet  be  lead,  brafs, 
gold  or  filver. 

On  a  filver  bullet  there  will  alfo  appear  a  fmall  fpot, 
as  well  as  on  the  plate  below  it. 
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Mr.  E.  Kinnersley,  at  Bojton, 
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BenjamIn  Franklin,  Efq;  at  Philadelphia. 

t  r  f  •  T  • 

)  II  /  "  I 

Communicated ,  with  the  Anfwers ,  to  Mr .  Collinson, 


SIR ,  Feb.  3,  1752. 

I  Have  the  following  experiments  to  communicate  : 

I  held  in  one  hand  a  wire,  which  was  f aliened  at 
the  other  end  to  the  handle  of  a  pump,  in  order  to  try 
whether  the  ftroke  from  the  prime  condudlor,  through 
my  arms,  would  be  any  greater  than  when  conveyed 
only  to  the  furface  of  the  earth ;  but  could  difcover 
no  difference. 

O  2 


I  placed 
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I  placed  the  needle  of  a  compafs  on  the  point  of  a 
long  pin,  and  holding  it  in  the  atmofphere  of  the 
prime  conduftor,  at  the  diftance  of  about  three  inches, 
found  it  to  whirl  round  like  the,  flyers  of  a  jack,  with 
great  rapidity. 

I  fufpended  with  fllk  a  cork  ball,  about  the  bignefs 
of  a  pea,  and  prefented  to  it,  rubbed  amber,  fealing- 
wax,  and  fulphur,  by  each  of  which  it  was  ftrongly 
repelled  3  then  I  tried  rubbed  glafs  and  china,  and 
found  that  each  of  thefe  would  attract  it,  until  it 
became  electrified  again,  and  then  it  would  be  repelled 
as  at  firft ;  and  while  thus  repelled  by  the  rubbed  glafs 
or  china,  either  of  the  others  when  rubbed  would  at¬ 
tract  it.  Then  I  eleCtrified  the  ball,  with  the  wire  of 
a  charged  phial,  and  prefented  to  it  rubbed  glafs,  (the 
ftopper  of  a  decanter)  and  a  china  tea-cup,  .by  which 
it  was  as  ftrongly  repelled  as  by  the  wire ;  but  when  I 
prefented  either  of  the  other  rubbed  eleCtrics,  it  would 
be  ftrongly  attracted  5  and  when  I  eleCtrified  it  by  either 
of  thefe,  till  it  became  repelled,  it  would  be  attracted 
by  the  wire  of  the  phial,  but  be  repelled  by  its  coating. 

Thefe  experiments  furprized  me  very  much,  and 
have  induced  me  to  infer  the  following  paradoxes. 

1 .  If  a  glafs  globe  be  placed  at  one  end  of  a  prime- 
conduCtor,  and  a  fulphur  one  at  the  other  end,  both 
being  equally  in  good  order,  and  in  equal  motion,  not 
a  fpark  of  fire  can  be  obtained  from  the  conductor  ;  but 
one  globe  will  draw  out,  as  faft  as  the  other  gives  in. 

2.  If  a  phial  be  fufpended  on  the  conductor, ,  with 
a  chain  from  its  coating  to  the  table,  and  only  one  of 
the  globes  be  made  ufe  of  at  a  time,  20  turns  of  the 

wheel 
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wheel,  for  inftance,  will  charge  it ;  after  which,  fo 
many  turns  of  the  other  wheel  will  difcharge  it ;  and 
as  many  more  will  charge  it  again. 

3.  The  globes  being  both  in  motion,  each  having  a 
feparate  conductor,  with  a  phial  fufpended  on  one  of 
them,  and  the  chain  of  it  fattened  to  the  other,  the 
phial  will  become  charged  5  one  globe  charging  pofi- 
tively,  the  other  negatively. 

4.  The  phial  being  thus  charged,  hang  it  in  like 
manner  on  the  other  conductor ;  fet  both  wheels  a 
going  again,  and  the  fame  number  of  turns  that 
charged  it  before,  will  now  difcharge  it ;  and  the  fame 
number  repeated,  will  charge  it  again. 

5.  When  each  globe  communicates  with  the  fame 
prime  conductor,  having  a  chain  hanging  from  it  to 
the  table,  one  of  them,  when  in  motion,  (but  which  I 
cannot  fay)  will  draw  fire  up  through  the  cufhion, 
and  difcharge  it  through  the  chain ;  the  other  will 
draw  it  up  through  the  chain,  and  difcharge  it  through 
the  cufhion. 

I  fhould  be  glad  if  you  would  fend  to  my  houfe  for 
my  fulphur  globe,  and  the  cufhion  belonging  to  it, 
and  make  the  trial ;  but  mutt  caution  you  not  to  ufe 
chalk  on  the  cufhion,  fome  fine  powdered  fulphur  will 
do  better.  If,  as  I  expect,  you  fhould  find  the  globes 
to  charge  the  prime  conductor  differently,  I  hope  you 
will  be  able  to  difcover  fome  method  of  determining 
which  it  is  that  charges  pofitively. 

I  amy  See. 

E.  KINNERSLEY. 
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LETTER  IX. 

FROM 

Benj.  Franklin,  Efq;  in  Philadelphia, 

.  •  .  •  ■  ,  .  ,  \  ' ' 

T  O 

Mr.  E.  Kinnersley,  at  Bojion. 

S  I  Ry  March  2,  1752, 

I  Thank  you  for  the  Experiments  communicated.  I 
Tent  immediately  for  your  brimftone  globe,  in  or¬ 
der  to  make  the  trials  you  defired,  but  found  it  wanted 
centres,  which  I  have  not  time  now  to  fupply ;  but  the 
firff  leifure  I  will  get  it  fitted  for  ufe,  try  the  experi¬ 
ments,  and  acquaint  you  with  the  refult. 

In  the  mean  time  I  fufpedl,  that  the  different  at- 
trafilions  and  repulfions  you  obferved,  proceeded  ra¬ 
ther  from  the  greater  or  fmaller  quantities  of  the  fire 
you  obtained  from  different  bodies,  than  from  its  being 
of  a  different  kind,  or  having  a  different  direction.  In 
hafle, 

I  am ,  &c. 

Be  FRANKLIN. 


} 


LETTER 
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LETTER  X. 

FROM 

4  «S 

Benj.  Franklin,  Efq^  at  Philadelphia,, 

...  '  * 

~  _  • 

T  O 

»  •  •  • 

1  •  *'  X  ^  »  «  .  f  k  ♦  -ft  T 

f  ♦  *"  '  -  r  -  JL  /  .  . 

»  W  .  • 

Mr.  E.  Kennersley,  at  Bojton. 

„*$  4  *  <  -  4  1  •  -  *  «  ■  *  - 

SIR;  March  16,  1752. 

TjAVIN  G  brought  your  brimftone  globe  to  work, 
jLl  I  tried  one  of  the  experiments  you  propofed, 
and  was  agreeably  furprifed  to  find  that  the  glafs  globe 
being  at  one  end  of  the  conductor,  and  the  fulphur 
globe  at  the  other  end,  both  globes  in  motion,  no 
fpark  could  be  obtained  from  the  conduttor,  unlefs 
when  one  globe  turned  flower,  or  was  not  in  fo  good 
order  as  the  other ;  and  then  the  fpark  was  only  in 
proportion  to  the  difference,  fo  that  turning  equally, 
or  turning  that  flowed  which  worked  beft,  would 
again  bring  the  conduttor  to  afford  no  fpark, 

I  found  alfo,  that  the  wire  of  a  phial  charged  by 
the  glafs  globe,  attracted  a  cork  ball  that  had  touched 
the  wire  of  a  phial  charged  by  the  brimfl one  globe, 
and  vice  verfa ,  fo  that  the  cork  continued  to  play  be¬ 
tween 
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tween  the  two  phials,  juft  as  when  one  phial  was 
charged  through  the  wire,  the  other  through  the  coat¬ 
ing,  by  the  glafs  globe  alone.  And  two  phials  charged, 
the  one  by  the  brimftone  globe,  the  other  by  the  glafs 
globe,  would  be  both  difcharged  by  bringing  their 
wires  together,  and  (hock  the  perfon  holding  the 

From  thefe  experiments  one  may  be  certain  that 
your  2d,  3d,  and  4th  propofed  experiments,  wrould 
fucceed  exactly  as  you  fuppofe,  though  I  have  not 
tried  them,  wanting  time.— I  imagine  it  is  the  glafs 
globe  that  charges  pofitively,  and  the  fulphur  nega¬ 
tively,  for  thefe  reafons,  1.  Though  the  fulphur  globe 
feems  to  work  equally  well  with  the  glafs  one,  yet  it 
can  never  occafion  fo  large  and  diftant  a  fpark  between 
my  knuckle  and  the  conductor  when  the  fulphur  one 
is  working,  as  when  the  glafs  one  is  ufed ;  which,  I 
fuppofe,  is  occafioned  by  this,  that  bodies  of  a  certain 
bignefs  cannot  fo  eafily  part  with  a  quantity  of  elec¬ 
trical  fluid  they  have  and  hold  attrafted  within  their 
fubftance,  as  they  can  receive  an  additional  quantity 
upon  their  furface  by  way  of  atmofphere.  Therefore 
fo  much  cannot  be  drawn  out  of  the  conductor,  as 
can  be  thrown  on  it.  2.  I  obferve  that  the  ftream  or 
brufli  of  fire,  appearing  at  the  end  of  a  wire,  con¬ 
nected  with  the  conductor,  is  long,  large,  and  much 
diverging,  when  the  glafs  globe  is  ufed,  and  makes  a 
Flapping  (or  rattling)  nolle  :  but  when  the  fulphur 
one  is  ufed,  it  is  fliort,  fmall,  and  makes  a  hilling 
noife ;  and  juft  the  reverfe  of  both  happens,  when 
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you  hold  the  fame  wire  in  your  hand,  and  the  globes 
are  worked  alternately :  the  brufh  is  large,  long,  di¬ 
verging,  and  fnapping  (or  rattling)  when  the  fulphur 
globe  is  turned  ;  fhort,  fmall,  and  hiding  when  the 
glafs  globe  is  turned.-— When  the  brufh  is  long,  large, 
and  much  diverging,  the  body  to  which  it  joins,  feems 
to  me  to  be  throwing  the  fire  out  5  and  when  the  con-  * 
trary  appears,  it  feems  to  be  drinking  in.  3.  I  ob- 
ferve,  that  when  I  hold  my  knuckle  before  the  fulphur 
globe,  while  turning,  the  ftream  of  fire  between  my 
knuckle  and  the  globe,  feems  to  fpread  on  its  fur  face, 
as  if  it  flowed  from  the  finger ;  on  the  glafs  globe  it 
is  otherwife.  4.  The  cool  wind  (or  what  was  called 
fo)  that  we  ufed  to  feel  as  coming  from  an  electrified 
point,  is,  I  think,  more  fenfible  when  the  glafs  globe 
is  ufed,  than  when  the  fulphur  one. — But  thefe  are 
ha  fly  thoughts.  As  to  your  fifth  paradox,  it  muft 
likewife  be  true,  if  the  globes  are  alternately  worked ; 
but  if  worked  together,  the  fire  will  neither  come  up 
nor  go  down  by  the  chain,  becaufe  one  globe  will 
drink  it  as  faft  as  the  other  produces  it. 

I  fhould  be  glad  to  know  whether  the  effects  would 
be  contrary  if  the  glafs  globe  is  folid,  and  the  fulphur 
globe  is  hollow  3  but  I  have  no  means  at  prefent  of 
trying.  .  ,  -  .  r 

In  your  journeys,  your  glafs  globes  meet  with  acci¬ 
dents,  and  fulphur  ones  are  heavy  and  inconvenient.— 
Query.  Would  not  a  thin  plane  of  brimftone,  caft  on 
a  board,  ferve  on  occaflon  as  a  cufhion,  while  a  globe 
of  leather  fluffed  (properly  mounted)  might  receive 
the  fire  from  the  ,fulphur,  and  charge  the  conductor 

P  pofitively  ? 
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pontively  ?  Such  a  globe  would  be  in  no  danger  of 
breaking  *.  I  think  I  can  conceive  how  it  may  be 
done  5  but  have  not  time  to  add  more  than  that  I  am, 

Tours ,  &c. 

B.  FRANKLIN. 


The  preceding  Letters  having  been  tranjlated  into  French, 
and  printed  at  Paris  5  the  Abbe  Mazeas,  in  a  Letter  to 
Dr.  Stephen  Hales,  dated  St.  Germain,  May  20,  1752. 
gives  the  following  Account  (printed  in  the  Philofophical 
Tranfactions)  of  the  Experiment  made  at  Marly,  in 
purjuance  of  that  prop  of ed  by  Mr.  Franklin,  Page  66. 
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THE  Philadelphian  experiments,  that  Mr.  Colli'nfonr 
a  Member  of  the  Royal  Society,  was  fo  kind  as 
to  communicate  to  the  public,  having  been  univerfally 
admired  in  France ,  the  King  de fired  to  fee  them  per¬ 
formed.  Wherefore  the  Duke  D'Ayen  offered  his  Ma¬ 
jefty  his  country-houfe  at  St.  Germain ,  where  M.  de 
Lor ,  mailer  of  Experimental  Philofophy,  fliould  put 
thofe  of  Philadelphia  in  execution.  His  Majefty  faw 
them  with  great  fatisfaftion,  and  greatly  applauded 
Meffieurs  Franklin  and  Collinfon.  Thefe  applaufes  of 
his  Majefty  having  excited  in  Meffieurs  de  Buffonr 
D'Alibard ,  and  de  Lor ,  a  defire  of  verifying  the  con- 

*  The  difcoverfes  of  the  late  ingenious  Mr.  Symvicr ,  on  the  pofitive  and 
negative  Electricity  produced  by  the  mutual  fridlion  of  white  and  black 
filk,  afford  hints  for  farther  improvements  to  be  made  with  this  view. 

jedtures 
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jediures  of  Mr.  Franklin ,  upon  the  analogy  of  thunder 
.and  electricity,  they  prepared  themfelves  for  making 
the  experiment. 


M. .  U  Alibard  chofe,  for  this  vpurpofe,  a  garden 
fituated  at  Marly,  where  he  placed  upon  an .  eletirical 
body  a  pointed  bar  of  iron,  of  40  feet  high.  On  the 
tenth  of  May ,  20  minutes  pad  two  in  the  afternoon, 
a  flormy  cloud  having' palled  over  the^place  where 'the 
bar  flood,  thole  that  were  appointed  to  obferve  it, 

,  T  *  t  t  *  r  »  ^  f 

drew  near,  and  attracted  from  it  fparks  of  lire,  per¬ 


ceiving  the  fame  kind  of  commotions  as  in  the  com¬ 
mon  eleft ideal  Experiments. 

M.  de  Lor ,  fenfible  of  the  good  fuccefs  of  this  ex¬ 
periment,  refolved  to  repeat  it  at  his  houfe  ini  the 
EJlrapade  at  Paris.  He  raifed  a  bar  of  iron  99  feet 
high,  placed  upon  a  cake  of  refin,.  two  Feet . fquarb, 
and  three  inches  thick.  On  the  1 8th  of  Alay,  between 
four  and  five,  in  the  afternoon,  a  item v  cloud  drawing 
palled  over  the  bar,-  where  it  remained  half  ml  ihfrur, 
he  drew  fparks  from  the  bar,  like vthofe  from  the  gun 
barrel,  when,  in  the  electrical  experiments,  the  £Iobfc 
is  only  rubbed  by  the  culhiOn,  and  they  produced  tit t 
fame  noife,  the.  fame  fire,  and  the  fame  crackling. 
They  drew  the  ftrongeft  Xpatks  at  the  .dixlan.ee  of  nine 
lines,  while  the  raiix*,  mingled  with  a  little  hail; -fell 
from -tire  cloud,  without  either  thunder  .or  lightnhigg 
this  cloud  being,  according  to  all  appearance,  only  the 
confequence  of  a  ftotm,  .  which  happened  elfewhem 
I  am y  with  a  profound  tyfpc£l\  l  a  v;  > 

,  Four  mojb  bumble  and  obedient  fervant ,  e  ’  j  *m 

G.  MnzjEns. 
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A  more  particular  Account  of  the  Circutnfances  and  Succefs 
of  this  extraordinary  Experiment ,  was  laid  before  the 
Royal  Academy  of  Sciences  at  Paris,  three  Days  after- 
wards ,  in  a  Memorial  by  M.  D’Alibard,  viz* 

,  r  *  t  T\ 

EXTRAIT  D’UN  MEMO  IRE 


D  E  M.  D  ’  A  L  I  B  A  R  D, 


Lu  d  HAcademie  Royale  des  Sciences,  le  13  Mai,  1752;, 

e  ^  »  •  T  t  *.  - 

f  .  i  ,  P  v  Vs  '  . 
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€C  •  •  •  *  T7N  fuivant  la  route  queM.  Franklin  nous 
*c  J  a  a  tracee,  j’ai  obtenu  une  fatisfa&ion  com- 

<c  plette.  Void  les  preparatifs,  le  procede  &  le  fucces*. 

‘V  i°.  Jai  fait  faire  a  Marly-la-ville,  fituee  a  fix 
«  lieues  de  Paris  au  milieu  dlune  belle  plaine  dont  le 
<(  fol  eft  fort  eleve,  une  verge  de  fer  ronde,  d’environ 
fc  un  pouce  de  diametre,  longue  de  40  pieds,  &  fort 
£*  pointue  par  fon  extremite  fuperieure ;  pour  iui  me- 
“  nager  une  pointe  plus  fine,  je  Y ai  fait  armer  d’acier 
“  trernpe  &  enfuite  brunir,  au  defaut  de  dorure,  pour 
la  preferver  de  la  rouille;  outre  cela,  cette  verge  de 
u  fer  eft  courbee  vers  fon  extremite  inferieure  en  deux 
**  coudes  a  angles  aigus  quoiqu’arrondis ;  le  premier 
*c  coude  eft  eloigne  de  deux  pieds  du  bout  inferieur, 
“  &  le  fecond  eft  en  fens  contraire  a  trois  pieds  dm 
<c  premier^ 
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cc  2°.  J’ai  fait  planter  dans  un  jardin  trois  groffes 
perches  de  28  a  29  pieds,  difpasees  en  triangle,  & 
eloignees  les  unes  des  autres  d’environ  huit  pieds ; 
deux  de  ces  perches  font  contre  un  mur,  &  la  troi- 
fieme  eft  au-dedans  du  jardin.  Pour  les  affermir 
toutes  enfemble,  l’on  a  cloue  fur  chacune  des  entre- 
toifes  a  vingt  pieds  de  hauteur ;  &  comme  le  grand 
vent  agitoit  encore  cette  efpece  d’edifice,  l’on  a  at¬ 
tache  au  haut  de  cliaque  perche  de  longs  cordages, 
qui  tenant  lieu  d’aubans,  repondent  par  le  bas  a  de 
bons  piquets  fortement  enfonces  en  terre  a  plus,  de 
20  pieds  des  perches. 

“  30.  J’ai  fait  conftruire  entres  les  deux  perches  voi- 
fmes  du  mur,  &  adoffer  contre  ce  mur  une  petite  gue- 
rite  de  bois  capable  de  contenir  un  homme  &  une 
table. 

£C  40.  J’ai  fait  placer  au  milieu  de  la  guerite  une  pe¬ 
tite  table  d’environ  un  demi-pied  de  hauteur;  &  fur 
cette  table  j’ai  fait  drefler  &  affermir  un  tabouret 
eleftrique.  Ce  tabouret  n’eft  autre  chofe  qu’une 
petite  planche  quarree,  portee  fur  trois  bouteilles  a 
vin  ;  il  n’eft  fait  de  cette  matiere  que  pour  fuppleer 
au  defaut  d’un  gateau  de  refine  qui  me  manquoit. 
t£  50.  Tout  etant  ainfi  prepare,  j’ai  fait  elever  per- 
pendiculairement  la  verge  de  fer  au  milieu  des  trois 
perches,  &je  l’aiaffermie  en  l’attachant  a  chacune  de 
ces  perches  aveede  forts  cordons  de  foie  par  deux  en- 
droits  feulement.  Les  premiers  liens  font  au  haut 
des  perches,  environ  trois  pouces  au-deffous  de  leurs 
extremites  fuperieures ;  les  feconds  vers  la  moitie  de 
leur  hauteur.  Le  bout  inferieur  de  la  verge  de  fer  eft 
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folidement  appuye  fur  le  milieu  du  tabouret  elec- 
trique,  ou  j’ai  fait  creufer,  un  trou  propre  a  le  re- 


cevoir. 


“  6°.  Comme  ii  etoit  important  de  garantir  de  3a 
pluie  le  tabouret  &  les  cordons  de  foie,  parce  qu’ifs 
laifferoient  paffer  la  matiere  eleftrique  s’ils  etoient 
mouilles,  j’ai  pris  les  precautions  neceffaires  pouren 
empecher.  C’eft  dans  cette  vue  que  j’ai  mis  mon  ta¬ 
bouret  fous  la  guerite,  &  que  y  avois  fait  courber 
ma  verge  de  fer  a  angles  aigus  5  afm  que  1’eau  qui 
pourroit  couler  le  long  de  cette  verge,  ne  put  arriver 
jufques  fur  le  tabouret.  C’eft  auffi  dans  le  meme 
deffein  que  j’ai  fait  clouer  fur  le  haut  &  au  milieu 
de  mes  perches,  a  trois  pouces  au-deffus  des  cordons 
de  foie,  des  efpeces  de  boites  formeesde  trois  petites 
planches  d’environ  15  pouces  de  long,  qui  couvrent 


<£  par-deffus  &  par  les  cotes  une  pareille  longueur  des 
<£  cordons  de  foie,  fans  leur  toucher. 

<c  II  s’agifloit  de  faire,  dans  le  terns  de  Forage,  deux 
££  obfervations  fur  cette  verge  de  fer  ainfi  difpofee ;  Fune 
cc  etoit  de  remarquer  a  fa  pointeune  aigrette  lumineufe, 
<c  femblable  a  celle  que  Fon  apper^oit  ala  pointe  dune 
c£  aiguille,  quand  on  Foppofe  affez  pres  d’un  corps 
afluellement  eleftrife;  F autre  etoit  de  tirer  de  la 
cc  verge  fer  jes  etincelles,  comme  on  en  tire  du 
<c  canon  de  fufil  dans  les  experiences  eleftriques  3  &  a- 
cc  fin  de  fe  garantir  des  piquures  de  ces  etincelles,  javois 
cc  attache  le  tenon  d’un  fil  d’archal  au  cordon  d’une 
tc  longue  fiole  pour  luifervir  de  manche.  ... 

££  Le  Mercredi  10  Mai  1752,  entre  deux  &  trois  heures 
S£  apres  midi,  le  nomme  Coiffier,  azicien  dragon,  que 

cc  j’avois 
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cc  j’avois  charge  de  faire  les  obfervations  en  mon  ab- 

<c  fence,  ayant  entendu  un  coup  de  tonnerre  a  (fez  fort, 
cc  vole  auflitot  a  la  machine,  prend  la  hole  avec  le  fil 
<c  d’archal,  prefente  le  tenon  du  fil  a  la  verge,  en  voit 
<£  lortir  une  petite  etincelle  brillante,  &  en  entend  le 
££  petillement  3  il  tire  une  feconde  etincelle  plus  fort 
££  que  la  premiere  &  avec  plus  de  bruit !  il  appelle  fes 
<£  voifins,  &  envoie  chercher  M.  le  Prieur.  Celui-ci 
cc  accourt  de  toutes  fes  forces ;  les  paroiffiens  voyant 
t£  la  precipitation  de  leur  Cure,  s’imaginent  que  le 
££  pauvre  Coiffier  a  ete  tue  du  tonnerre  *  l’allarme  fe 
££  repand  dans  le  village :  la  grele  qui  furvient  n’em- 
££  peche  point  le  troupeau  du  fuivre  fon  pafteur.  Cet 
££  honnete  Ecclefiaftique  arrive  pres  de  la  machine,  & 
££  voyant  qu’il  n’y  avoit  point  de  danger,  met  lui-meme 
££  la  main  a  l’ceuvre  &  tire  de  fortes  etincelles.  La 
t£  nuee  d’orage  &  de  grele  ne  fut  pas  plus  d’un  quart- 
£C  d’heure  a  pafler  au  zenith  de  notre  machine,  &  Ton 
££  n’entendit  que  ce  feul  coup  de  tonnerre.  Sitot  que 
t£  le  nuage  fut  palfe,  &  qu’on  ne  tira  plus  d  etincelles. 
££  de  la  verge  de  fer,  M.  le  Prieur  de  Marly  fit  partir  le 
££  fieur  Coiffier  lui-meme,  pour  m’apporter  la  lettre  fui- 
<£  vante,  qu’il  m’ecrivit  a  la  hate. 


Je  vous  annonce ,  Monjieur ,  ce  que  rccus  attendee :  l expe¬ 
rience  eft  complette.  Aujourd' hui  d  deux  heures  20  minutes 
apres  midi ,  le  tonnerre  a  gronde  dire  Element  fur  Marly  ;  le 
coup  a  ete  aftez  fort.  L'envie  de  vous  obliger ,  &  la  curiojite 
mont  tire  de  men  fauteiiif  oil  j'etois  occupe  a  lire  :  je  fuis 
alle  chez  Coiffier ,  qui  deja  m  avoit  de  peche  un  enfant  que 
jai  rencontre  en  chemin ,  pour  me  prier  de  venir  3  j'ai  double 

le 
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le  pas  a  t ravers  un  torrent  de  grele .  Arrive  d  fendroit  m 
eft  place e  la  tr ingle  coudee,  fai  prefente  le  fd  d archaic  en 
av any  ant  fuccejfvement  vers  la  tringle ,  d  un  police  &  demi , 
on  environ  3  il  ejl  forti  de  la  tringle  une  petite  colonne  de 
fer  bleudtre  fentant  le  foufre,  qui  venoit  frapp er  avec  une 
extreme  vivacite  le  tenon  du  fil  d 'arch al,  &  occafionnoit  un 
bruit  femblabk  d  celui  qiion feroit  en  frappant  fur  la  tringle 
avec  une  clef,  fai  rep  ete  /’ experience  au  moms  fix  fois  dans 
Tefpace  d environ  quatre  minutes ,  en  prefence  de  plufieurs 
perfonnes ,  &  chaque  experience  quefai  faite  a  dure  Pefpace 
dun  pater  &  dun  ave.  f  ai  voulu  continuer ladlion  da 
feu  sefl  ralentie  peu  a  pea  3  fai  approche  plus  pres ,  &  n  at 
plus  tire  que  quelques  etincelles 3  &  enfin  rien  ?iai  paru. 

Le  coup  de  tonnerre  qui  a  occfafionne  cet  evenement ,  n  a 
ete  fuivi  daucun  autre  3  tout  sefi  t ermine  par  une  abondance 
de  grele.  fetois  fi  occupe  dans  le  moment  de  /’ experience  de 
ce  que  je  voyois ,  quay  ant  etefrappe  au  bras  un  peu  au-defius 
du  coude ,  je  ne  puis  dire  fi  c  eft  en  touchant  au  fil  d archal  oil 
d  la  tringle:  je  ne  me  fuis  pas  plaint  du  mal  que  mavoit 
fait  le  coup  dans  le  moment  que  je  I’ai  requ  3  mais  comme  la 
douleur  continuoit ,  de  retour  chez  moi,  fai  decouvert  mon 
bras  en  prefence  de  Coffer ,  &  nous  avons  appercu  une  meur - 
trifure  tournante  autour  du  bras ?  Jemblable  a  cede  que  feroit 
un  coup  de  fil  d  archal,  Ji  fen  avois  ete  frappe  d  mud.  En 
revenant  de  chez  Coffer ,  fai  recontre  M.  le  Vi  cadre,  M.  de 
Milly ,  et  le  Maitre  decole,  d  qui  fai  rapperte  ce  qui  ve¬ 
noit  darriver  3  Us  Je  font  plaints  tons  les  trois  quils  fen - 
toient  une  odeiir  de  foufre  qui  les  frappoit  davantage  a  me- 
Jure  qiiils  s' appro  choient  de  moi :  fai  porte  chez  moi  la  meme 
edeur,  &  mes  domefiiques  sen  font  appercus Jans  que  je  leur 
aye  rien  dii . 
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Voila ,  Monjieur ,  un  recit  fait  a  la  hate>  mais  naij  6? 
vrai  que  jattefie ,  &  vous  pouvez  affarer  que  je  fuis  pret  d 
rendre  temoignage  de  cet  evenement  da?is  toutes  les  occafions . 
Coijfer  a  ete  le  premier  qui  a  fait  l' experience  &  la  repetee 
plufieurs  fois  ;  ce  nefi  qii  d  loccajion  de  ce  quil  a  vu  quil  in  a 
envoy  e  prier  de  venir.  S’il  etoit  befoin  d'autres  temoins 
que  de  lui  &  de  moiy  vous  les  trouveriez.  Coiffier  preffe 
pour  partir . 

fe  fuis  avec  une  refpeElueufe  conjideration ,  Monfeur ,  votre, 
&c.  fgne  Rau let y  Prieur  de  Marly .  10  Mai  1752. 

<£  On  voit,  par  le  detail  de  cette  lettre,  que  le  fait 
c£  eft  aflez  bien  conftate  pour  ne  laifler  aucun  doute  a 
cc  ce  fujet.  Le  porteur  m’a  affure  de  vive  voix  qu’il 
“  avoit  tire  pendant  pres  d’un  quart-d’heure  avant 
“  que  M.  le  Prieur  arrivat,  en  prefence  de  cinq  ou  fix 
“  perfonnes,  des  etincelles  plus  fortes  &  plus  bruy- 
££  antes  que  celles  dont  il  eft  parle  dans  la  lettre.  Ces 
“  premieres  perfonnes  arrivant  fucceflivement,  n’ofoient 
<c  approcher  qu’a  10  ou  12  pas  de  la  machine;  &  a 
££  cette  diftance,  malgre  le  plein  foleil,  ils  voyoient  les 
££  etincelles  &  entendoient  le  bruit - .... 

££  II  refulte  de  toutes  les  experiences  &  obfervations 
C£  que  j’ai  rapportees  dans  ce  memoire,  &  furtout  de 

la  derniere  experience  faite  a  Marly-la-ville,  que  la 
“  matiere  du  tonnerre  eft  inconteftablement  la  meme 
££  que  celle  de  l’ele&ricite.  L’idee  qu’en  a  eu  M. 
££  Franklin  ceffe  d’etre  une  conjecture :  la  voila  de- 
t£  venue  une  realite,  &  j’ofe  croire  que  plus  on  appro- 
£C  fondira  tout  ce  qu’il  a  publie  fur  lelectricite,  plus 
t£  on  reconnoitra  combien  la  Phyfique  lui  eft  redevable 
<£  pour  cette  partie.” 

CL. 
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A  Letter  of  Mr.  W.  WATSON,  F.  R.  S. 
to  the  Royal  Society,  concerning  the  eleSlri - 
cal  Experiments  in  England  upon  Thunder- 
Clouds .  Read  Dec.  1752.  Tranf  Vol.  XLVIL 

GENTLEMEN, 

AFTER  the  communications,  which  we  have  re¬ 
ceived  from  feveral  of  our  correfpondents  in 
different  parts  of  the  continent,  acquainting  us  with 
the  fuccefs  of  their  experiments  laft  fummer,  in  en¬ 
deavouring  to  extract  the  eleftricity  from  the  atmof- 
phere  during  a  thunder-ftorm,  in  confequence  of  Mr. 
Frankli?is  hypothecs,  it  may  be  thought  extraordinary, 
that  no  accounts  have  been  yet  laid  before  you,  of  our 
fuccefs  here  from  the  fame  experiments.  That  no 
want  of  attention,  therefore,  may  be  attributed  to 
thofe  here,  who  have  been  hitherto  converfant  in  thefe 
enquiries,  I  thought  proper  to  apprife  you,  that,  tho* 
feveral  members  of  the  Royal  Society,  as  well  as  my- 
felf,  did,  upon  the  firft  advices  from  France ,  prepare 
and  fet  up  the  neceffary  apparatus  for  this  purpofe,  we 
were  defeated  in  our  expeftations,  from  the  uncom¬ 
mon  coolnefs  and  dampnefs  of  the  air  here,  during 
the  whole  fummer.  We  had  only  at  London  one  thun¬ 
der  ftorm  ;  viz.  on  July  20  ;  and  then  the  thunder  was 
accompanied  with  rain  ;  fo  that,  by  wetting  the  ap¬ 
paratus,  the  eleftricity  was  diffipated  too  foon  to  be 
perceived  upon  touching  thofe  parts  of  the  apparatus, 

which 
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which  ferved  to  conduct  it.  This,  I  fay,  in  general 
prevented  our  verifying  Mr.  Franklins  hypothecs  :  But 
our  worthy  brother  Mr.  Canton  was  more  fortunate. 

I  take  the  liberty,  therefore,  of  laying  before  you  an 
extraft  of  a  letter,  which  I  received  from  that  gentle¬ 
man,  dated  from  Spital-fquare ,  July  21,  1752. 

cc  I  had  yefterday,  about  five  in  the  afternoon,  an 

opportunity  of  trying  Mr.  Franklin  s  experiment  of 
<c  extracting  the  electrical  fire  from  the  clouds ;  and 
<c  fucceeded,  by  means  of  a  tin  tube,  between  three 
cc  and  four  feet  in  length,  fixed  to  the  top  of  a  glafs 
cc  one,  of  about  eighteen  inches.  To  the  upper  end 
<c,  of  the  tin  tube,  which  was  not  fo  high  as  a  flack 
cc  of  chimnies  on  the  fame  houfe,  I  fattened  three 
<c  needles  with  fome  wire ;  and  to  the  lower  end  was 
cc  foldered  a  tin  cover  to  keep  the  rain  from  the  glafs 
tc  tube,  which  was  fet  upright  in  a  block  of  wood. 
<c  I  attended  this  apparatus  as  foon  after  the  thunder 
<c  began  as  poffible,  but  did  not  find  it  in  the  leaft 
<c  electrified,  till  between  the  third  and  fourth  claps 
<c  when  applying  my  knuckle  to  the  edge  of  the  cover, 
cc  I  felt  and  heard  an  eleCtrical  fpark  ,  and  approach- 
<c  ing  it  a  fecond  time,  1  received  the  fpark  at  the  dif- 
cc  tance  of  about  half  an  inch,  and  faw  it  diftinCtly. 
“  This  I  repeated  four  or  five  times  in  the  fpace  of  a 
cc  minute,  but  the  fparks  grew  weaker  and  weaker  ; 
“  and  in  lefs  than  two  minutes  the  tin  tube  did  not 
“  appear  to  be  eleCtrified  at  all.  The  rain  continued 
<c  during  the  thunder,  but  was  confiderably  abated  at 
<{  the  time  of  making  the  experiment.”  Thus  far 
Mr.  Canton. 

V  -  ■  0^2 
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Mr.  Wilfon  likewife  of  the  Society,  to  whom  we  are 
much  obliged  for  the  trouble  he  has  taken  in  thefe 
purfuits,  had  an  opportunity  of  verifying  Mr,  Franklins 
hypothefis.  He  informed  me,  by  a  letter  from  near 
Chelmsford  in  E//ex>  dated  Augnjl  12,  1752,  that,  on 
that  day  about  noon,  he  perceived  feveral  electrical 
fhaps,  during,  or  rather  at  the  end  of  a  thunder 
ftorm,  from  no  other  apparatus  than  an  iron  curtain 
rod,  one  end  of  which  he  put  into  the  neck  of  a  glafs 
phial,  and  held  this  phial  in  his  hand.  To  the  other 
end  of  the  iron  he  fattened  three  needles  with  fome 
filk.  This  phial,  fupporting  the  rod,  he  held  in  one 
hand,  and  drew  fnaps  from  the  rod  with  a  finger  of 
his  other.  This  experiment  was  not  made  upon  any 
eminence,  but  in  the  garden  of  a  gentleman,  at  whofe 
houfe  he  then  was. 

Dr.  Bevis  obferved,  at  Mr.  Cave  s,  at  St.  Johns  Gate > 
nearly  the  fame  phcenomena  as  Mr.  Canton ,  of  which 
an  account  has  been  already  laid  before  the  public. 

Trifling  as  the  effefts  here  mentioned  are,  when 
compared  with  thofe  which  we  have  received  from 
Paris  and  Berlin ,  they  are  the  only  ones,  that  the  laflr 
fummer  here  has  produced  ;  and  as  they  were  made  by 
perfons  worthy  of  credit,  they  tend  to  eftablifh  the 
authenticity  of  thofe  tranfmitted  from  our  correfpon- 
dents. 

I  flatter  myfelf,  that  this  fhort  account  of  thefe 
matters  will  not  be  difagreeable  to  you  ;  and  am. 

With  the  mofl  profound  Refpedl , 

Tour  moft  obedient  bumble  Servant , 

W.  WATS  O  N. 
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LETTER  XI. 


FROM 


Benj.  Franklin,  Efq-,  of  Philadelphia , 


T  O 


Pe  ter  Collin  son,  Efq;  F.  R.  S.  London . 

Oft.  19,  1752. 

AS  frequent  mention  is  made  in  public  papers 
from  Europe  of  the  fuccefs  of  the  Philadelphia 
experiment  for  drawing  the  eledlric  fire  from  clouds  by 
means  of  pointed  rods  of  iron  eredted  on  high  build¬ 
ings,  &c.  it  may  be  agreeable  to  the  curious  to  be  in¬ 
formed  that  the  fame  experiment  has  fucceeded  in  Phi¬ 
ladelphia,  though  made  in  a  different  and  more  eafy 
manner,  which  is  as  follows : 

Make  a  fmall  crofs  of  two  light  fliips  of  cedar,  the 
arms  fo  long  as  to  reach  to  the  four  corners  of  a  large 
thin  filk  handkerchief  when  extended ;  tie  the  corners 
of  the  handkerchief  to  the  extremities  of  the  crofs,  fo 
you  have  the  body  of  a  kite  ;  which  being  properly 
accommodated  with  a  tail,  loop,  and  firing,  will  rife 
in  the  air,  like  thofe  made  of  paper ;  but  this  being  of 
filk  is  fitter  to  bear  the  wet  and  wind  of  a  thunder 
gufl  without  tearing.  To  the  top  of  the  upright  flick 
of  the  crofs  is  to  be  fixed  a  very  fharp  pointed  wire, 

rifing 
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rifing  a  foot  or  more  above  the  wood.  To  the  end  of 
the  twine,  next  the  hand,  is  to  be  tied  a  filk  ribbon, 

and  where  the  filk  and  twine  join,  a  key  may  be  fat¬ 
tened.’  This  kite  is  to  be  raifed  when  a  thunder-guft 
appears  to  be  coming  on,  and  the  perfon  who  holds 
the  firing  mu  ft  ftand  within  a  door  or  window,  or 
under  feme  cover,  fo  that  the  filk  ribbon  may  not  be 

wet;  and  care  muft  be  taken  that  the  twine  does  not 

* 

touch  the  frame  of  the  door  or  window.  As  foon  as 
any  of  the  thunder  clouds  come  over  the  kite,  the 
pointed  wire  will  draw  the  eledtric  fire  from  them,  and 
the  kite,  with  all  the  twine,  will  be  eledtrified,  and 
the  loofe  filaments  of  the  twine  will  ftand  out  every 
way,  and  be  attracted  by  an  approaching  finger.  And 
when  the  rain  has  wet  the  kite  and  twine,  fo  that  it 
can  condudt  the  eledtric  fire  freely,  you  will  find  it 
ftream  out  plentifully  from  the  key  on  the  approach 
of  your  knuckle.  At  this  key  the  phial  may  be 
charged ;  and  from  eledlric  fire  thus  obtained,  fpirits 
may  be  kindled,  and  all  the  other  eledtric  experiments 
be  performed,  which  are  ufuaily  done  by  the  help  of 
a  rubbed  glafs  globe  or  tube,  and  thereby  the  famenefs 
of  the  eledtric  matter  with  that  of  lightning  com¬ 
pletely  demonftrated. 

B.  FRANKLIN. 
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L  E  T  T  E  R  XII. 

FROM 

*  | 

Benj.  Franklin,  E/q,  of  Philadelphia , 

»'  U  .  - 

TO 

Peter  Collinson,  Efq\  F.R.S.  London. 

SIR ,  Philadelphia ,  September ,  1753- 

.  .  4  >  •  *  -■  •  7  ■ 

IN  my  former  paper  on  this  fubjeft,  written  firft  in 
1747,  enlarged  and  fent  to  England  in  1749,  I  con- 
fulered  the  fea  as  the  grand  fource  of  lightning,  ima¬ 
gining  its  luminous  appearance  to  be  owing  to  ele&ric 
fire,  produced  by  friftion  between  the  particles  of 
water  and  thofe  of  fait.  Living  far  from  the  fea,  I 
had  then  no  opportunity  of  making  experiments  on  the 
fea  water,  and  fo  embraced  this  opinion  too  haftily. 

For  in  1750,  and  1751,  being  occafionally  on  the 
fea-coaft,  I  found,  by  experiments,  that  fea-water  in 
a  bottle,  though  at  firft  it  would  by  agitation  appear 
luminous,  yet  in  a  few  hours  it  loft  that  virtue : 
hence  and  from  this ,  that  I  could  not  by  agitating  a  fo- 
lution  of  fea-falt  in  water  produce  any  light,  I  firft 
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began  to  doubt  of  my  former  hypothefis,  and  to  fu- 
fpeCt  that  the  luminous  appearance  in  lea  water,  muff 
be  owing  to  fome  other  principles. 

I  then  confidered  whether  it  were  not  poffible,  that 
the  particles  of  air,  being  eleCtrics  per  fe ,  might,  in 
hard  gales  of  wind,  by  their  friction  againft  trees, 
hills,  buildings,  &c.  as  fo  many  minute  eleCtric  globes, 
rubbing  againft  non-ele&ric  cufhions,  draw  the  eleCtric 
fire  from  the  earth,  and  that  the  rifing  vapours  might 
receive  that  fire  from  the  air,  and  by  fuch  means  the 
clouds  become  electrified. 

If  this  were  fo,  I  imagined  that  by  forcing  a  conftant 
violent  ftream  of  air  againft  my  prime  conductor,  by 
bellows,  I  fhould  eleCtrify  it  negatively ;  the  rubbing 
particles  of  air,  drawing  from  it  part  of  its  natural 
quantity  of  the  eleCtric  fluid.  I  accordingly  made  the 
experiment,  but  it  did  not  fucceed. 

In  September  1752,  I  ereCted  an  iron  rod  to  draw  the 
lightning  down  into  my  houfe,  in  order  to  make  fome 
experiments  on  it,  with  two  bells  to  give  notice  when 
the  rod  fhould  be  eleCtrify Jd  :  A  contrivance  obvious  to 
every  eleCtrician. 

I  found  the  bells  rang  fometimes  when  there  was  no 
lightning  or  thunder,  but  only  a  dark  cloud  over  the 
rod  y  that  fometimes  after  a  flafh  of  lightning  they 
would  fuddenly  flop  •  and  at  other  times,  when  they 
had  not  rang  before,  they  would,  after  a  flafii,  fud¬ 
denly  begin  to  ring  5  that  the  eleCtricity  was  fometimes 
very  faint,  fo  that  when  a  fmall  fpark  was  obtained, 
another  could  not  be  got  for  fome  time  after j  at  other 

times 
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times  the  fparks  would  follow  extremely  quick,  and 
once  I  had  a  continual  ft  ream  from  bell  to  bell,  the  fize 
of  a  crow-quill :  Even  during  the  fame  guft  there  were 
confiderable  variations. 

In  the  winter  following  I  conceived  art  experiment, 
to  try  whether  the  clouds  were  eleftrified  pojitivcly  or 
negatively  \  but  my  pointed  rod,  with  its  apparatus, 
becoming  out  of  order,  I  did  not  refit  it  till  towards 
the  fpring,  when  I  expended  the  warm  weather  would 
bring  on  more  frequent  thunder-clouds. 

The  experiment  was  this  -:  To  take  two  phials  * 
charge  one  of  them  with  lightning  from  the  iron  rod, 
and  give  the  other  an  equal  charge  by  the  eleftr  ic  glafs 
globe,  through  the  prime  conductor  :  When  charged, 
to  place  them  on  a  table  within  three  or  four  inches 
of  each  other,  ' a  fmall  cork  ball  being  fufpended  by  a 
fine  filk  thread  from  the  deling,  fo  as  it  might  play 
between  the  wires.  If  both  bottles  then  were  eledri- 
fied  pojitivcly ,  the  ball  being  attracted  and  repelled  by 
one,  mult  be  alfo  repelled  by  the  other.  If  the  one 
f  ofitivcly,  and  the  other  negatively ;  then  the  ball  would 
be  attracted  and  repelled  alternately  by  each,  and  con¬ 
tinue  to  play  between  them  as  long  as  any  confiderable 
charge  remained. 

Being  very  intent  on  making  this  experiment,  it 
was  no  fmall  mortification  to  me,  that  I  happened  to 
be  abroad  during  two  of  the  greateit  thunder-ftorms 
we  had  early  in  the  fpring,  and  though  I  had  given 
orders  in  my  family,  that  if  the  bells  rang  when  I 
was  from  home,  they  fhould  catch  fome  of  the  light- 
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ning  for  me  in  eleftrical  phials,  and  they  did  fo>  yet 
it  was  moftly  diffipated  before  my  return,  and  in  fome 
of  the  other  gufts,  the  quantity  of  lightning  I  was 
able  to  obtain  was  fo  fmali,  and  the  charge  fo  weak, 
that  I  could  not  fatisfy  myfelf :  Yet  I  fometimes  faw 
what  heightened  my  fufpicions,  and  inflamed  my  cu~ 
riofity. 

At  laft,  on  the  12th  of  dpril,  1753,  there  being  a 
fmart  guft  of  fome  continuance,  I  charged  one  phial 
pretty  well  with  lightning,  and  the  other  equally,  as 
near  as  I  could  judge,  with  eledfricity  from  my  glafs 
globe ;  and,  having  placed  them  properly,  I  beheld, 
with  great  furprize  and  pleafure,  the  cork  ball  play 
brilkly  between  them  5  and  was  convinced  that  one 
bottle  was  eledhifed  negatively . 

I  repeated  this  experiment  fever.al  times  during  the 
guft,  and  in  eight  fucceeding  gufts,  always  with  the 
lame  fuceefs ;  and  being  of  opinion  (for  reafons  I  for¬ 
merly  gave  in  my  letter  to  Mr.  Kinnerjley ,  lince  printed 
in  London)  that  the  glafs  globe  eledhifes  pojitively ,  I 
concluded  that  the  clouds  are  always  eledhifed  nega¬ 
tively ,  or  have  always  in  them,  lefs  than  their  natural 
quantity  of  the  eledhic  fluid. 

Yet  notwithftanding  fo  many  experiments,  it  feerns 
I  concluded  too  foon  ;  for  at  laft,  June  the  6th,  in  & 
guft  which  continued  from,  five  o’clock,  P.  M.  to  feven, 

I  met  with  one  cloud  that  was  eledhifed  poiitively, 
though  feveral  that  paffed  over  my  rod  before,  during 
the  fame  guft,  were  in  the  negative  ftat*e.  This  was. 
thus  difeovereA; 

1  had . 
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1  had  another  concurring  experiment,  which  I  often 
repeated,  to  prove  the  negative  ft  ate  of  the  clouds, 
viz.  While  the  bells  were  ringing,  I  took  the  phial 
charged  from  the  glafs  globe,  and  applied  its  wire  to 
the  erefted  rod,  conftdering,  that  if  the  clouds  were 
eleftrifed  pojitively ,  the  rod  which  received  its  electri¬ 
city  from  them,  mu  ft  be  fo  too  5  and  then  the  addi¬ 
tional  pofjive  eleftricity  of  the  phial  would  make  the 
bells  ring  fafter  :  But,  if  the  clouds  were  in  a  nega¬ 

tive  ftate,  they  muft  exhauft  the  electric  fluid  from  my 
rod,  and  bring  that  into  the  fame  negative  ftate  with 
themfelves,  and  then  the  wire  of  a  pofitively  charged 
phial,  fupplying  the  rod  with  what  it  wanted,  (which 
it  was  obliged  otherwife  to  draw  from  the  earth  by 
means  of  the  pendulous  brafs  ball  playing  between  the 
two  bells)  the  ringing  would  ceafe  till  the  bottle  was 
difeharged.  - 

In  this  manner  I  quite  difeharged  into  the  rod  feve- 
ral  phials  that  were  charged  from  the  glafs  globe,  the 
electric  fluid  ft  reaming  from  the  wire  to  the  rod,  till 
the  wire  would  receive  no  fpark  from  the  finger-;  and,* 
during  this  fupply  to  the  rod  from  the  phial,  the  bells 
ftopt  ringing  ;  but  by  continuing  the  application  of 
the  phial  wire  to  the  rod,  I  exhaufted  the  natural 
quantity  from  the  infide  furface  of  the  fame  phials, 
or,  as  I  call  it,  charged  them  negatively. 

At  length,  while  I  was  charging  a  phial  by  my  glafs 
globe,  to  repeat  this  experiment,  my  bells,  of  them¬ 
felves,  ftopt  Tinging,  and,  after  fome  paufe,  began  to 
ring  again. — But  now,  when  I  approached  the  wire  of 
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the  charged  phial  to  the  rod,  inftead  of  the  ufual  ftreant 
that  I  expefted  from  the  wire  to  the  rod,  there  was 
no  fpark  3  not  even  when  I  brought  the  wir e  and  the 
rod  to  touch;  yet  the  bells  continued  ringing  vigo~ 
oully,  which  proved  to  me,  that  the  rod  was  then  pofi- 
tively  eleftrified,  as  well  as  the  wire  of  the  phial,  and 
equally  fo ;  and,  confequently,  that  the  particular 
cloud  then  over  the  rod,  was  in  the  fame  pofitive  ftate. 
This  was  near  the  end  of  the  guft. 

But  this  was  a  (ingle  experiment,  which,  however, 
deftroys  my  firft  too  general  conclufion,  and  reduces 
me  to  this  :  Tdhat  the  clouds  of  a  thunder-guft  are  mojl 
commonly  in  a  negative  fate  of  electricity ,  but  fome times  in 
a  pofitive  ftate . 

The  latter  I  believe  is  rare;  for  though  I  foon  after 
the  laft  experiment,  fet.  out  on  a  journey  to  Bofion ; 
and  was  from  home  moft  part  of  the  fu miner,  which 
prevented  my  making  farther  trials  and  obfervations ; 
yet  Mr.  Kinncrfiey  returning  from  the  iflands  juft  as  I 
left  home,  purfued  the  experiments  during  my  abfence, 
and  informs  me  that  he  always  found  the  clouds  in 
the  negative  ftate. 

So  that,  for  the  moft  part,  in  thunder-ftrokes,  it  is. 
the  earth  that  ftrikes  into  the  clouds ,  and  not  the  clouds  that, 
firike  into  the.  earth. 

Thofe  who  are  verfed  in  eledtric  experiments ,  wills 
eaftiy  conceive,  that  the  effefts  and  appearances,  muft 
be  nearly  the  fame  in  either  cafe ;  the  lame; explofion^ 
and  the  fame  ftafh  between  one  cloud  and  another, 
and  between  the  clouds  and  mountains,  the  fame- 
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rending  of  trees,  walls,  &c.  which  the  electric  fluid 
meets  with  in  its  paffage,  and  the  fame  fatal  fhock  to 
animal  bodies ;  and  that  pointed  rods  fix’d  on  build¬ 
ings,  or  mails  of  Ihips,  and  communicating  with  the 
earth  or  fea,  mull  be  of  the  fame  fervice  in  reftoring 
the  equilibrium  filently  between  the  earth  and  clouds, 
or  in  conducting  a  flafh  or  ftroke,  if  one  fhould  be, 
fo  as  to  fave  harmlefs  the  houfe  or  veffel  :  For  points 
have  equal  power  to  throw  off,  as  to  draw  on  the 
eledtric  fire,  and  rods  will  conduct  up  as  well  as 
down. 

But  tho’  the  light  gained  from  thefe  experiments 
makes  no  alteration  in  the  practice,  it  makes  a  conn- 
derable  one  in  the  theory.  And  now  we  as  much  need 
an  hypothefis  to  explain  by  what  means  the  clouds* 
become  negatively-,  as  before  to  fliew  how  they  became 
pofitively  electrified. 

I  cannot  forbear  venturing  fome  few  conjectures  oir 
this  occafion  :  They  are  what  occur  to  me  at  prelent,- 
and  though  future  difcoveries  fhould  prove  them  not 
wholly  right,  yet  they  may  in  the  mean  time  be  of 
fome  ufe,  by  ftirring  up  the  curious  to  make  more 
experiments,  and  occafion  more  exadt  difquifitions. 

I  conceive  then,  that  this  globe  of  earth  and  water; 
with  its  plants,  animals,  and  buildings,  have  diffus’d 
throughout  their  fubftanee,  a  quantity  of  the.  electric 
fluid,  juft  as  much  as  they  can  contain,  which  I, call? 
the  natural  quantity  v 

That  this  natural  quantity  is  not  the  fame  in  alF 
kinds  of  common  matter  under  the  fame  dimenfions, , 


nor 
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nor  in  the  fame  kind  of  common  matter  in  all  circuit!-* 
fiances ;  but  a  folid  foot,  for  inftance  of  one  kind  of 
common  matter,  may  contain  more  of  the  eleCtric 
fluid  than  a  folid  foot  of  fome  other  kind  of  common 
matter  ;  and  a  pound  weight  of  the  fame  kind  of 
common  matter  may,  when  in  a  rarer  Ante,  contain 
more  of  the  eleftric  fluid  than  when  in  a  denfer  ftate. 

For  the  eleftric  fluid,  being  attrafted  by  any  por¬ 
tion  of  common  matter,  the  parts  of  that  fluid,  (which 
have  among  themfelves  a  mutual  repuliion)  are  brought 
fo  near  to  each  other  by  the  attraction  of  the  common 
matter  that  abforbs  them,  as  that  their  repulfion  is 
equal  to  the  condenfmg  power  of  attraction  in  com¬ 
mon  matter  ;  and  then  fuch  portion  of  common  mat¬ 
ter  will  abforb  no  more. 

Bodies  of  different  kinds  having  thus  attrafted  and 
abforbed  what  I  call  their  natural  quantity ,  i.  e.  juft  as 
much  of  the  eleftric  fluid  as  is  fuited  to  their  circum- 
ftances  of  denfity,  rarity,  and  power  of  attracting,  do 
not  then  fhow  any  figns  of  eleftricity  among  each 
other. 

And  if  more  eleftric  fluid  be  added  to  one  of  thefe 
bodies,  it  does  not  enter,  but  fpreads  on  the  furface, 
forming  an  atmofphere  j  and  then  fuch  body  ftiews 
iigns  of  eleftricity. 

I  have  in  a  former  paper  compared  common  matter 
to  a  fpunge,  and  the  eleftric  fluid  to  water  :  I  beg 
leave  once  more  to  make  ufe  of  the  fame  comparifony 
to  illuftrate  farther  my  meaning  in  this  particular. 


When 
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When  a  fpunge  is  fomewhat  condenfed  by  being 
fqueezed  between  the  fingers,  it  will  not  receive  and 
retain  fo  much  water  as  when  in  its  more  loofe  and 
open  ftate. 

If  mere  fqueez’d  and  condenfed,  fome  of  the  water 
will  come  out  of  its  inner  parts,  and  flow  on  the  fur- 
face. 

If  the  preflure  of  the  fingers  be  entirely  removed, 
the  fpunge  will  not  only  refume  what  was  lately  forced 
out,  but  attradl  an  additional  quantity. 

As  the  fpunge  in  its  rarer  ftate  will  naturally  attradl 
and  abforb  more  water,  and  in  its  denfer  ftate  will  na¬ 
turally  attract  and  abforb  lefs  water  ;  we  may  call  the 
quantity  it  attacks  and  abforbs  in  either  ftate,  its  natu¬ 
ral  quantity ,  the  ftate  being  confidered. 

Now  what  the  fponge  is  to  water,  the  fame  is  water 
to  the  electric  fluid. 

When  a  portion  of  water  is  in  its  common  denfe 
ftate,  it  can  hold  no  more  eleftric  fluid  than  it  has  > 
if  any  be  added,  it  fpreads  on  the  furface. 

When  the  fame  portion  of  water  is  rarefy ’d  into 
vapour,  and  forms  a  cloud,  it  is  then  capable  of  re¬ 
ceiving  and  abforbing  a  much  greater  quantity  there 
is  room  for  each  particle  to  have  an  eledtric  atmof- 
phere. 

Thus  water,  in  its  rarefy’d  ftate,  or  in  the  form  of 
a  cloud,  will  be  in  a  negative  ftate  of  eledtricity ;  it 
will  have  lefs  than  its  natural  quantity  ;  that  is,  lefs 
than  it  is  naturally  capable  of  attracting  and  abforbing 
in  that  ftate. 


Sueli 
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Such  a  cloud,  then,  corning  fo  near  the  earth  as  to 
be  within  the  ftriking  diftance,  will  receive  from  the 
earth  a  fiafh  of  the  electric  -fluid  \  which  fiafh,  to  fop- 
ply  a  great  extent  of  cloud,  muff  fometimes  contain 
a  very  great  quantity  of  that  fluid. 

Or  inch  a  cloud,  paffing  over  woods  of  tall  trees, 
may  from  the  points  and  iharp  edges  of  their  moifi 
top  leaves,  receive  filently  feme  fupply. 

A  cloud  being  by  any  means  fupply ’d  from  the  earth, 
may  ftrike  into  other  clouds  that  have  not  been  fup¬ 
ply ’d,  or  not  fo  much  fupply’d and  thofe  to  others, 
till  an  equilibrium  is  produced  among  all  the  clouds 
that  are  within  ftriking  diftance  of  each  other. 

'The  cloud  thus  ftipply’d,  having  parted  with  much 
of  what  it  firft  receiv’d,  may  require  and  receive  a 
frefti  fupply  from  the  earth,  or  from  feme  other 
cloud,  which  by  the  wind  is  brought  into  fetch  a  fttua- 
tion  as  to  receive  it  more  readily  from  the  earth. 

Hence  repeated  and  continual  ftrokes  and  flafhes 
till  the  clouds  have  all  got  nearly  their  natural  quan¬ 
tity  as  clouds,  or  till  they  have  defcended  in  fhowers, 
and  are  united  again  with  this  terraqueous  globe,  their 
original. 

O 

Thus  thunder  clouds  are  generally  in  a  negative  ftate 
of  electricity  compar’d  with  the  earth,  agreeable  to 
moft  of  our  experiments  ;  yet  as  by  one  experiment 
we  found  a  cloud  eleCtrifed  pofitively,  I  conjefture 
that,  in  that  cafe,  fuch  cloud,  after  having  received 
what  was,  in  its  rare  ftate,  only  its  natural  quantity , 
became  compreffed  by  the  driving  winds,  or  feme  other 

means. 
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means,  fo  that  part  of  what  it  had  abforbed  was  forced 
out,  and  formed  an  eledtric  atmofphere  around  it  in 
its  denfer  ftate.  Hence  it  was  capable  of  communi¬ 
cating  pofitive  eleftricity  to  my  rod. 

To  fhow  that  a  body  in  different  circumftances  of 
dilatation  and  contraction  is  capable  of  receiving  and 
retaining  more  or  lefs  of  the  eleCtric  fluid  on  its  fur- 
face,  I  would  relate  the  following  experiment.  I 
placed  a  clean  wine  glafs  on  the  floor,  and  on  it  a 
fmall  filver  can.  In  the  can  I  put  about  three  yards 

of  brafs  chain  :  to  one  end  of  which  I  fattened  a  filk 

*  *  r « 

thread,  which  went  right  up  to  the  deling,  where  it 
pafled  over  a  pulley,  and  came  down  again  to  my 
hand,  that  I  might  at  pleafure  draw  the  chain  up  out 
of  the  can,  extending  it  till  within  a  foot  of  the  ciel¬ 
ing,  and  let  it  gradually  fink  into  the  can  again.— 
From  the  cieling,  by  another  thread  of  fine  raw  filk, 
I  fufpended  a  fmall  light  lock  of  cotton,  fo  as  that 
when  it  hung  perpendicularly,  it  came  in  contact  with 
the  fide  of  the  can.— Then  approaching  the  wire  of  a 
charged  vial  to  the  can,  I  gave  it  a  fpark,  which 
flowed  round  in  an  eleftric  atmofphere;  and  the  lock 
of  cotton  was  repelled  from  the  fide  of  the  can  to  the 
diftance  of  about  nine  or  ten  inches.  The  can  would 
not  then  receive  another  fpark  from  the  wire  of  the 
vial ;  but  as  I  gradually  drew  up  the  chain,  the  at¬ 
mofphere  of  the  can  diminifhed  by  flowing  over  the 
rifing  chain,  and  the  lock  of  cotton  accordingly  drew 
nearer  and  nearer  to  the  can ;  and  then,  if  I  again 
brought  the  vial  wire  near  the  can,  it  would  receive 

S  another 
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another  fpark,  and  the  cotton  fly  off  again  to  its  firft 
diftance;  and  thus,  as  the  chain  was  drawn  higher, 
the  can  would  receive  more  fparks  ;  becaufe  the  can 
and  extended  chain  were  capable  of  fupporting  a 
greater  atmofphere  than  the  can  with  the  chain  ga¬ 
thered  up  into  its  belly. — And  that  the  atmofphere 
round  the  can  was  diminilhed  by  railing  the  chain, 
and  increafed  again  by  lowering  it,  is  not  only  agree¬ 
able  to  reafon,  fince  the  atmofphere  of  the  chain  ;muft 
be  drawn  from  that  of  the  can,  when  it  rofe,  J  ~~ 


re¬ 


turned  to  it  again  when  it  fell  5  but  was  alfo  evident  to 
the  eye,  the  lock  of  cotton  always  approaching  the 
can  when  the  chain  was  drawn  up,  and  receding  when 
it  was  let  down  again. 

Thus  we  fee  that  increafe  of  furface  makes  a  body 
capable  of  receiving  a  greater  eledric  atmofphere  :  But 
this  experiment  does  not,  I  own,  fully  demonftrate  my 
new  hypothecs ;  for  the  brafs  and  filver  ftill  continde 
in  their  folid  (fate,  and  are  not  rarefied  into  vapour, 
as  the  water  is  in  clouds.  Perhaps  fome  future  expe¬ 
riments  on  vapourized  water  may  fet  this  matter  in  a 
■dearer  light. 

One  feemingly  material  objection  arifes  to  the  new 
hypothefis,  and  it  is  this :  If  water,  in  its  rarefied 
ftate,  as  a  cloud,  requires,  and  will  abforb  more  6f 
the  eledric  fluid  than  when  in  its  denfe  ftate  as  water, 
why  does  it  not  acquire  from  the  earth  all  it  wants 
at  the  inftant  of  its  leaving  the  furface,  while  it  is  yet 
near,  and  but  juft  riling  in  vapour?  To  this  diffi¬ 
culty  I  own  I  cannot  at  prefent  'give  a  folution  fatis- 
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faCtory  to  myfelf :  I  thought,  however,  that  I  ought 
to  ftate  it  in  its  full  force,  as  I  have  done,  and  fub- 
mit  the  whole  to  examination. 

And  I  would  beg  leave  to  recommend  it  to  the  cu¬ 
rious  in  this  branch  of  natural  philofophy,  to  repeat 
with  care  and  accurate  obfervation,  the  experiments  I 
have  reported  in  this  and  former  papers  relating  to 
pofitive  and  negative  eleftricity,  with  fuch  other  rela¬ 
tive  ones  as  fhall  occur  to  them,  that  it  may  be  cer¬ 
tainly  known  whether  the  electricity  communicated  by 
a  glafs  globe,  be  really  pojitive .  And  alfo  I  would  re- 
queft  all  who  may  have  an  opportunity  of  obferving 
the  recent  effects  of  lightning  on  buildings,  trees,  &c. 
that  they  would  confider  them  particularly  with  a 
view  to  difcover  the  direction.  But  in  thefe  examina- 
tions,  this  one  thing  is  always  to  be  underftood,  viz . 
that  a  ftream  of  the  eleCtric  fluid  palling  through 
wood,  brick,  metal,  &c.  while  fuch  fluid  pafles  in 
fmall  quantity ,  the  mutually  repulfive  power  of  its 
parts  is  confined  and  overcome  by  the  cohefion  of  the 
parts  of  the  body  it  pafles  through,  fo  as  to  prevent 
an  exploflon  \  but  when  the  fluid  comes  in  a  quantity 
too  great  to  be  confined  by  fuch  cohefion,  it  explodes, 
and  rends  or  fufes  the  body  that  endeavoured  ro  con¬ 
fine  it.  If  it  be  wood,  brick,  (tone,  or  the  like,  the 
fplinters  will  fly  off  on  that  fide  where  there  is  leaft 
refiftance.  And  thus,  when  a  hole  is  (truck  through 
pafteboard  by  the  electrified  jar,  if  the  furfaces  of  the 
pafteboard  are  not  confined  or  comprefled,  there  will 
be  a  bur  raifed  all  round  the  hole  on  both  fides  the 
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pafteboard;  but  if  one  fide  be  confined,  fo  that  the 
bur  cannot  be  raifed  on  that  fide,  it  will  be  all  raifed 
on  the  other,  which  way  foever  the  fluid  was  diredted. 
For  the  bur  round  the  outflde  of  the  hole,  is  the  effedt 
of  the  explofion  every  way  from  the  center  of  the 
ftream,  and  not  an  effedt  of  the  diredtion. 

In  every  ftroke  of  lightning,  I  am  of  opinion  that 
the  ftream  of  the  eledtric  fluid,  moving  to  reftore  the 
equilibrium  between  the  cloud  and  the  earth,  does 
always  previoufly  find  its  paffage,  and  mark  out,  as  I 
may  fay,  its  own  courfe,  taking  in  its  way  all  the  con¬ 
ductors  it  can  find,  fuch  as  metals,  damp  walls,  moift 
wood,  &c.  and  will  go  confiderably  out  of  a  diredt 
courfe,  for  the  fake  of  the  affiftance  of  good  con¬ 
ductors  5  and  that,  in  this  courfe,  it  is  actually  mov¬ 
ing,  though  filently  and  imperceptibly,  before  the  ex¬ 
plofion,  in  and  among  the  conductors ;  which  explo¬ 
fion  happens  only  when  the  condudtors  cannot  dif- 
charge  it  as  faft  as  they  receive  it,  by  reafon  of  their 
being  incomplete,  dif-united,  too  frnall,  or  not  of  the 
heft  materials  for  condudting.  Metalline  rods,  there¬ 
fore,  of  fufficient  thicknefs,  and  extending  from  the 
higheft  part  of  an  edifice  to  the  ground,  being  of  the 
faeft  materials  and  complete  condudtors,  will,  I  think, 
fecure  the  building  from  damage,  either  by  reftoring 
the  equilibrium  fo  faft  as  to  prevent  a  ftroke,  or  by 
condudting  it  in  the  fubftance  of  the  rod  as  far  as  the 
rod  goes,  fo  that  there  fhall  be  no  explofion  but  what 
is  above  its  point,  between  that  and  the  clouds. 


If 
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If  it  be  alk’d,  what  thicknefs  of  a  metalline  rod 
may  be  fuppofed  fufficient  ?  In  anfwer,  I  would  re¬ 
mark,  that  five  large  glafs  jars,  fuch  as  I  have  de- 
fcribed  in  my  former  papers,  difcharge  a  very  great 
quantity  of  electricity,  which  neverthelefs  will  be  all 
conducted  round  the  corner  of  a  book,  by  the  fine  fil¬ 
leting  of  gold  on  the  cover,  it  following  the  gold  the 
fartheft  way  about,  rather  than  take  the  fhorter  courfe 
through  the  cover,  that  not  being  fo  good  a  conductor. 
Now  in  this  line  of  gold,  the  metal  is  fo  extremely 
thin  as  to  be  little  more  than  the  colour  of  gold,  and 
on  an  odtavo  book  is  not  in  the  whole  an  inch  fquare, 
and  therefore  not  the  36th  part  of  a  grain,  according 
to  M.  Reaumur \  yet  ’tis  fufficient  to  conduct  the  charge 
of  five  large  jars,  and  how  many  more  I  know  not. 
Now,  I  fuppofe  a  wire  of  a  quarter  of  an  inch  dia¬ 
meter  to  contain  about  5000  times  as  much  metal  as 
there  is  in  that  gold  line,  and  if  fo,  it  will  conduct 
the  charge  of  25,000  fuch  glafs  jarrs,  which  is  a  quan¬ 
tity,  I  imagine,  far  beyond  what  was  ever  contained 
in  any  one  ftroke  of  natural  lightning.  But  a  rod  of 
half  an  inch  diameter  would  conduct  four  times  as 
much  as  one  of  a  quarter. 

And  with  regard  to  conducting,  though  a  certain 
thicknefs  of  metal  be  required  to  conduct  a  great 
quantity  of  electricity,  and,  at  the  fame  time,  keep 
its  own  fubftance  firm  and  unfeparated ;  and  a  Ids 
quantity,  as  a  very  fmall  wire  for  inftance,  will  be 
deftroyed  by  the  explofion  ;  yet  fuch  fmall  wire  will 
have  anfwered  the  end  of  conducting  that  ftroke,  tho’ 
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it  become  incapable  of  conducing  another.  And  con- 
fidering  the  extreme  rapidity  with  which  the  eledric 
fluid  moves  without  exploding,  when  it  has  a  free  paf- 
fage,  or  compleat  metal  communication,  I  fhould  think 
a  vaft  quantity  would  be  conducted  in  a  fhort  time, 
either  to  or  from  a  cloud,  to  reftore  its  equilibrium 
with  the  earth,  by  means  of  a  very  fmall  wire;  and 
therefore  thick  rods  fliould  feem  not  fo  neceffary.— 
However,  as  the  quantity  of  lightning  difcharged  in 
one  ftroke,  cannot  well  be  meafured,  and,  in  different 
ftrokes,  is  certainly  very  various,  in  fome  much  greater 
than  others ;  and  as  iron  (the  beft  metal  for  the  pur- 
pofe,  being  leaft  apt  to  fufe)  is  cheap,  it  may  be  well 
enough  to  provide  a  larger  canal  to  guide  that  impe¬ 
tuous  blaft  than  we  imagine  neceffary:  For,  though 
one  middling  wire  may  be  fufficient,  two  or  three  can 
do  no  harm.  And  time,  with  careful  obfervations 
well  compar’d,  will  at  length  point  out  the  proper  fize 
to  greater  certainty. 

Pointed  rods  ereded  on  edifices  may  likewife  often 
prevent  a  ftroke,  in  the  following  manner.  An  eye  fo 
fituated  as  to  view  horizontally  the  under  fide  of  a 
thunder  cloud,  will  fee  it  very  ragged,  with  a  number 
of  feparate  fragments,  or  petty  clouds,  one  under 
another,  the  ioweft  fometimes  not  far  from  the  earth. 
Thefe,  as  fo  many  ftepping  ftones,  aflift  in  conducting 
a  ftroke  between  the  cloud  and  a  building.  To  repre- 
fent  thefe  by  an  experiment,  take  two  or  three  locks 
of  fine  loofe  cotton,  conned  one  of  them  with  the 
prime  condudor  by  a  fine  thread  of  two  inches,  (which 

may 
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may  be  fpun  out  of  the  fame  lock  by  the  fingers)  ano¬ 
ther  to  that,  and  the  third  to  the  fecond,  by  like 
threads. — Turn  the  globe,  and  you  will  fee  thefe  locks 
extend  themfelves  towards  the  table,  (as  the  lower 
fmall  clouds  do  towards  the  earth)  being  attracted  by 
it :  But  on  prefenting  a  fharp  point  ere£t  under  the 
lowed:,  it  will  fhrink  up  to  the  fecond,  the  fecond  to 
the  firft,  and  all  together  to  the  prime  coridudtor, 
where  they  will  continue  as  long  as  the  point  con¬ 
tinues  under  them.  May  not,  in  like  manner,  the 
lmall  eledtrifed  'clouds,  whole  equilibrium  with  the 
•earth  is  foon  reftor’d  by  the  point,  rife  up  to  the 
main  body,  and  by  that  means  occafion  fo  large  a  va¬ 
cancy,  as  that  the  grand  cloud  cannot  ftrike  in  that 
place  ?  .  .  2 

a  '  *  * 

Thefe  thoughts,  my  dear  friend,  are  many  of  them 
crude  and  hafty  ;  and  if  I  were  merely  ambitious  of 
acquiring  fome  reputation  in  philofophy,  I  ought  to 
keep  them  by  me,  till  corrected  and  improved ’by  time, 
and  farther  experience.  But  fmce  even  fhort  hints  and 
imperfedt  experiments  in  any  new  branch  of  fcience, 
being  communicated,  have  oftentimes  a  good  effect,  in 
exciting  the  attention  of  the  ingenious  to  the  fubject, 
and  fo  become  the  occafion  of  more  exact  difquifition, 
and  more  compleat  difcoveries,  you  are  at  liberty  to 
communicate  this  paper  to  whom  you  pleale ;  it  being 
of  more  importance  that  knowledge  fhould  increafe, 
than  that  your  friend  fhould  be  thought  an  accurate 
philofopher. 

B.  F. 

L  E  T- 
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April  1 8,  1754. 


SINCE  September  laft,  having  ,been  abroad  on  two 
long  journeys,  and  other  wife  much  engag’d,  I 
have  made  but  few  obfervations  on  the  pofitive  and 
negative  ftate  of  electricity  in  the  clouds.  But  Mr. 
Kinnerjley  kept  his  rod  and  bells  in  good  order,  and  has 
made  many. 

Once  this  winter  the  bells  rang  a  long  time,  during 
a  fall  of  fnow,  though  no  thunder  was  heard,  or 
lightning  feen.  Sometimes  the  flafhes  and  cracks  of 
the  eleftric  matter  between  bell  and  bell  were  fo  large 
and  loud  as  to  be  heard  all  over  the  houfe :  but  by  all 
his  obfervations,  the  clouds  were  conftantly  in  a  nega¬ 
tive  ftate,  till  about  fix  weeks  ago,  when  he  found 
them  once  to  change  in  a  few  minutes  from  the  nega¬ 
tive  to  the  pofitive.  About  a  fortnight  after  that,  he 
made  another  obfervation  of  the  fame  kind  5  and  laft 

Monday 
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Monday  afternoon,  the  wind  blowing  hard  at  S.  E.  and 
veering  round  to  N.  E.  with  many  thick  driving  clouds, 
there  were  five  or  fix  fucceffive  changes  from  negative 
to  pofitive,  and  from  politive  to  negative,- the  bells 
Hopping  a  minute  or  two  between  every  change.  Be- 
fides  the  methods  mentioned  in  my  paper  of  September 
laft;  of  difcovering  the  electrical  Hate  of  the  clouds, 
the  following  may  be  ufed.  When  your  bells  are 
ringing,  pafs  a  rubb’d  tube  by  the  edge  of  the  bell, 
connected  with  your  pointed  rod :  if  the  cloud  is  then 
in  a  negative  Hate,  the  ringing  will  Hop ;  if  in  a  po¬ 
fitive  Hate,  it  will  continue,  and  perhaps  be  quicker. 
Or,  fufpend  a  very  fmall  cork-ball  by  a  fine  filk  thread, 
fo  that  it  may  hang  clofe  to  the  edge  of  the  rod-bell : 
then  whenever  the  bell  is  electrified,  whether  pofitively 
or  negatively,  the  little  ball  will  be  repelled,  and  con¬ 
tinue  at  fome  difiance  from  the  bell.  Have  ready  a 
round-headed  glafs  Hopper  of  a  decanter,  rub  it  on 
your  fide  till  it  is  electrified,  then  prefent  it  to  the 
cork-ball.  If  the  electricity  in  the  ball  is  pofitive,  it, 
will  be  repell’d  from  the  glafs  Hopper  as  well  as  from 
the  bell.  If  negative,  it  will  fly  to  the  Hopper. 

"  •  -  *  '  * 

B.  FRANKLIN. 
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REMARKS 

On  the  Abbe  N  O  L  L  E  T  ’s 

Letters  on  Electricity, 

T  O 

Benj.  Franklin,  Efq,  of  Philadelphia . 

B  Y 

Mr.  David  Golden,  of  New  York. 

S  I  Ry  Coldenham,  in  N.  York ,  Dec.  4,  1753. 

♦  * 

IN  eonfidering  the  Abbe  Nolle  fs  letters  to  Mr.  Frank- 
liny  I  am  obliged  to  pafs  by  all  the  experiments 
which  are  made  with,  or  in,  bottles  hermetically  fealed, 
or  exhaufted  of  air ;  becaufe,  not  being  able  to  repeat 
the  experiments,  I  could  not  fecond  any  thing  which 
occurs  to  me  thereon,  by  experimental  proof.  Where¬ 
fore,  the  firfl  point  wherein  I  can  dare  to  give  my 
opinion,  is  in  the  Abbe’s  4th  letter,  p.  66,  where  he 
undertakes  to  prove,  that  the  eleflric  matter  pafTes 
from  one  furface  to  another  through  the  intire  thick- 
nefs  of  the  glafs  :  He  takes  Mr.  Franklins  experiment 

of 
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of  the  magical  picture,  and  writes  thus  of  it.  cc  When 

£C  you  eledtrife  a  pane  of  glafs  coated  on  both  fides 

cc  with  metal,  it  is  evident  that  whatever  is  placed  on 

££  the  fide  oppofite  to  that  which  receives  the  eledtri- 

££  city  from  the  conductor,  receives  alfo  an  evident 

££  electrical  virtue.”  Which  Mr.  Franklin  fays,  is  that 

equal  quantity  of  eledtric  matter,  driven  out  of  this 

fide,  by  what  is  received  from  the  conductor  on  the 
*  ^ 

other  fide ;  and  which  will  continue  to  give  an  electri¬ 
cal  virtue  to  any  thing  in  contact  with  it,  till  it  is 
entirely  difcharged  of  its  electrical  fire.  To  which  the 
Abbe  thus  objects:  ££  Tell  me,  (fays  he)  I  pray  you, 
££  how  much  time  is  necelfary  for  this  pretended  dif- 
££  charge  ?  I  can  allure  you,  that  after  having  main- 
££  tained  the  eledtrifation  for  hours,  this  furface  which 
£C  ought,  as  it  feems  to  me,  to  be  entirely  difcharged 
££  of  its  eledtrical  matter,  conlidering  either  the  vaft 
££  number  of  fparks  that  were  drawn  from  it,  or  the 
££  time  that  this  matter  had  been  expofed  to  the  action 
££  of  the  expulfive  caufe  ;  this  furface,  I  fay,  appeared 
££  rather  better  eledtrifed  thereby,  and  more  proper  to 
££  produce  all  the  effects  of  an  actual  electric  body.” 
p .  68. 

The  Abbe  does  not  tell  us  what  thofe  effects  were, 
all  the  effedts  I  could  never  obferve,  and  thofe  that  are 
to  be  obfervcd  can  eafily  be  accounted  for,  by  fuppofing 
that  fide  to  be  entirely  deftitute  of  eledtric  matter. 
The  molt  fenfible  effect  of  a  body  charged  with  elec¬ 
tricity  is,  that  when  you  prefent  your  finger  to  it,  a 
fpark  will  iffue  from  it  to  your  finger:  Now  when  a 

T  2  phial. 
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phial,  prepared  for  the  Leyden  experiment,  is  hung  to 
the  gun-barrel  or  prime-conduCtor,  and  you  turn  the 
globe  in  order  to  charge  it  ;  as  foon  as  the  eleCtric 
matter  is  excited,  you  can  obferve  a  fpark  to  iffue  from 
the  external  furface  of  the  phial  to  your  finger,  which, 
Mr.  Franklin  fays,  is  the  natural  eleCtric  matter  of  the 
glafs  driven  out  by  that  received  by  the  inner  furface 
from  the  conductor.  If  it  be  only  drawn  out  by 
fparks,  a  vaft  number  of  them  may  be  drawn ;  but  if 
you  take  hold  of  the  external  furface  witfy  your  hand, 
the  phial  will  foon  receive  all  the  eleCtric  matter  it  is 
capable  of,  and  the  outfide  will  then  be  entirely  defti- 
tute  of  its  eleCtric  matter,  and  no  fpark  can  be  drawn 
from  it  by  the  finger:  here  then  is  a  want  of  that 
effeCt  which  all  bodies,  charged  with  electricity,  have. 
Some  of  the  effects  of  an  eleCtric  body,  which  I  fup- 
pofe  the  Abbe  bas  obferved  in  the  exterior  furface  of  a 
charged  phial,  are  that  all  light  bodies  are  attracted  by 
it.  This  is  an  effeCt  which  I  have  conftantly  obferved, 
but  do  not  think  that  it  proceeds  from  an  attractive 
quality  in  the  exterior  furface  of  the  phial,  but  in 
thofe  light  bodies  themfelves,  which  feem  to  be  at¬ 
tracted  by  the  phial.  It  is  a  conftant  obfervation,  that 
when  one  body  has  a  greater  charge  of  eleCtric  matter 
in  it  than  another  (that  is  in  proportion  to  the  quan¬ 
tity  they  will  hold)  this  body  will  attraft  that  which 
has  lefs  :  Now,  I  fuppofe,  and  it  is  a  part  of  Mr. 
Franklins  fyftem,  that  all  thofe  light  bodies  which  ap¬ 
pear  to  be  attracted,  have  more  eleCtric  matter  in  them 
than  the  external  furface  of  the  phial  has,  wherefore 

they 
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they  endeavour  to  attradl  the  phial  to  them,  which 
is  too  heavy  to  be  moved  by  the  fmall  degree  of  force 
they  exert,  and  yet  being  greater  than  their  own 
weight,  moves  them  to  the  phial.  The  following  ex¬ 
periment  will  help  the  imagination  in  conceiving  this. 
Sufpend  a  cork  ball,  or  a  feather,  by  a  filk  thread,  and 
eledtrife  it ;  then  bring  this  ball  nigh  to  any  fixed 
body,  and  it  will  appear  to  be  attracted  by  that  body, 
for  it  will  fly  to  it:  Now,  by  the  confent  of  eledtri- 
cians,  the  attractive  caufe  is  in  the  ball  itfelf,  and  not 
in  the  fixed  body  to  which  it  flies :  This  is  a  fimilar 
cafe  with  the  apparant  attraction  of  light  bodies,  to 
the  external  furface  of  a  charged  phial. 

The  Abbe  fays,  p.  69.  £C  that  he  can  eledtrife  a  hun¬ 
dred  men,  Handing  on  wax,  if  they  hold  hands,  and 
if  one  of  them  touch  one  of  thefe  furfaces  (the  ex¬ 
terior)  with  the  end  of  his  finger  This  I  know  he 
can,  while  the  phial  is  charging,  but  after  the  phial  is 
charged  I  am  as  certain  he  cannot :  That  is,  hang  a 
phial,  prepared  for  the  Leyden  experiment,  to  the  con¬ 
ductor,  and  let  a  man,  Handing  on  the  floor,  touch 
the  coating  with  his  finger,  while  the  globe  is  turned, 
till  the  eledtric  matter  fpews  out  of  the  hook  of  the 
phial,  or  fome  part  of  the  conductor,  which  I  take  to 
be  the  certainefl  fign  that  the  phial  has  received  all  the 
electric  matter  it  can  :  after  this  appears,  let  the  man, 
who  before  flood  on  the  floor,  Hep  on  a  cake  of  wax, 
where  he  may  Hand  for  hours,  and  the  globe  all  that 
time  turned,  and  yet  have  no  appearance  of  being  elec- 
trifed.  After  the  electric  matter  was  fpewed  out  as 

above 


above  from  the  hook  of  a  phial  prepared  for  the  Leyden 
experiment,  I  hung  another  phial,  in  like  manner 
prepared,  to  a  hook  fixed  in  the  coating  of  the  firft, 
and  held  this  other  phial  in  my  hand;  now  if  there 
was  any  eledhic  matter  tranfmitted  through  the  glafs 
of  the  fir  if  phial,  the  fecond  one  would  certainly  re¬ 
ceive  and  coiled:  it ;  but  having  kept  the  phials  in  this 
iituation  for  a  confiderable  time,  during  which  the 
globe  was  continually  turned,  I  could  not  perceive 
that  the  fecond  phial  was  in  the  leaf!;  charged,  for 
when  I  touched  the  hook  wfith  my  finger,  as  in  the 
Leyden  experiment,  I  did  not  feel  the  leaft  commotion. 


nor  perceive  any  fpark  to  iffue  from  the  hook. 

1  likewife  made  the  following  experiment :  Having 
charged  two  phials  (prepared  for  the  Leyden  experi¬ 
ment)  through  their  hooks  >  two  perfons  took  each 
one  of  thefe  phials  in  their  hand ;  one  held  his  phial 
by  the  coating,  the  other  by  the  hook,  which  he  could 
do  by  removing  the  communication  from  the  bottom 
before  he  took  hold  of  the  hook.  Thefe  perfons  placed 
themfelves  one  on  each  fide  of  me,  while  I  flood  on  a 
cake  of  wax,  and  took  hold  of  the  hook  of  that  phial 
which  was  held  by  its  coating  (upon  which  a  fpark 
blued,  but  the  phial  was  not  difcharged,  as  I  flood  on 
wax)  keeping  hold  of  the  hook,  I  touched  the  coating 
of  the  phial  that  was  held  by  its  hook  with  my  other 
hand,  upon  which  there  was  a  large  fpark  to  be  feen 
between  my  finger  and  the  coating,  and  both  phials 
were  inftantly  difcharged.  If  the  Abbe’s  opinion  be 
right,  that  the  exterior  furface,  communicating  with 
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the  coating,  is  charged,  as  well  as  the  interior,  com¬ 
municating  with  the  hook  ;  how  can  I,  who  ftand 
on  wax,  difcharge  both  thefe  phials,  when  it  is  well 
known  I  could  not  difcharge  one  of  them  fingly  ?  Nay, 
fuppofe  I  have  drawn  the  electric  matter  from  both  of 
them,  what  becomes  of  it  ?  For  I  appear  to  have  no 
additional  quantity  in  me  when  the  experiment  is  over, 
and  I  have  not  ftirrecl  off  the  wax :  Wherefore  this  ex¬ 
periment  fully  convinces  me,  that  the  exterior  furface 
is  not  charged  ;  and  not  only  fo,  but  that  it  wants  as 
much  eleftric  matter  as  the  inner  has  of  excefs  :  For 
by  this  fuppofition,  which  is  a  part  of  Mr.  Franklins 
fyftem,  the  above  experiment  is  eafily  accounted  for, 
as  follows : 


When  I  ftand  on  wax,  my  body  is  not  capable  of  re¬ 
ceiving  all  the  electric  matter  from  the  hook  of  one 
phial,  which  it  is  ready  to  give;  neither  can  it  give  as 
much  to  the  coating  of  the  other  phiab  as  it  is  ready 
to  take,  when  one  is  only  applied  to  me :  But  when 
both  are  applied,  the  coating  takes  from  me  what  the 

hook 
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hook  gives :  Thus  I  receive  the  lire  from  the  firfl  phial 
at  B,  the  exterior  furface  of  which  is  fupplied  from 
the  hand  at  A  :  I  give  the  fire  to  the  fecond  phial  at  C, 
whofe  interior  furface  is  difcharged  by  the  hand  at  D. 
This  difcharge  at  D  may  be  made  evident  by  receiving 
that  fire  into  the  hook  of  a  third  phial,  which  is  done 
thus :  In  place  of  taking  the  hook  of  the  fecond  phial 
in  your  hand,  run  the  wire  of  a  third  phial,  prepared 
as  for  the  Leyden  experiment,  through  it,  and  hold  this 
third  phial  in  your  hand,  the  fecond  one  hanging  to 
it,  by  the  ends  of  the  hooks  run  through  each  other : 
When  the  experiment  is  performed,  this  third  phial 
receives  the  fire  at  D,  and  will  be  charged.  When 
this  experiment  is  confidered,  I  think,  it  xnuft  fully 
prove  that  the  exterior  furface  of  a  charged  phial 
wants  electric  matter,  while  the  inner  furface  has  an 
excefs  of  it.  One  thing  more,  worthy  of  notice  in 
this  experiment  is,  that  I  feel  no.  commotion  or  fhock 
in  my  arms,  though  fo  great  a  quantity  of  electric 
matter  paffes  through  them  inftantaneoufly :  I  only 
feel  a  pricking  in  the  ends  of  my  fingers.  This  makes 
me  think  the  Abbe  has  miftook,  when  he  fays,  that 
there  is  no  difference  between  the  fhock  felt  in  per¬ 
forming  the  Leyden  experiment,  and  the  prickling  felt 
on  drawing  firnpie  fparks,  except  that  of  greater  to 
lefs.  In  the  laft  experiment,  as  much  elebtric  matter 
went  through  my  arms,  as  would  have  given  me  a 
very  fenfible  fhock,  had  there  been  an  immediate  com¬ 
munication,  by  my  arms,  from  the  hook  to  the  coat¬ 
ing  of  the  fame  phial ;  becaufe  when  it  was  taken 
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into  a  third  phial,  and  that  phial  difcharged  fingly 
thro’  my  arms,  it  gave  me  a  fenfible  fhock.  If  thefe 
experiments  prove  that  the  eledlric  matter  does  not 
pafs  through  the  intire  thicknefs  of  the  glafs ;  it  is  a 
neceffary  confequence  that  it  muft  always  come  out 
where  it  entered. 

1 

The  next  thing  I  meet  with  is  in  the  Abbe’s  fifth 
letter,  p.  88,  where  he  differs  from  Mr.  Franklin ,  who 
thinks  that  the  whole  power  of  giving  a  fhock  is  in 
the  glafs  itfelf,  and  not  in  the  non-eleftrics  in  contaft 
with  it.  The  experiments  which  Mr.  Franklin  gave  to 
prove  this  opinion,  in  his  Experiments  and  Obfervations 
on  Electricity ,  Letter  III.  p.  24.  convinced  me  that  he 
was  in  the  right  ;  and  what  the  Abbe  has  aflerted  in 
contradiction  thereto,  has  not  made  me  think  other- 
wife.  The  Abbe  perceiving,  as  I  fuppofe,  that  the 
experiments,  as  Mr.  Franklin  had  performed  them, 
muft  prove  his  affertion ;  alters  them  without  giving 
any  reafon  for  it,  and  makes  them  in  a  manner  that 
proves  nothing.  Why  will  he  have  the  phial,  into  which 
the  water  is  to  be  decanted  from  a  charged  phial,  held 
in  a  man’s  hand  ?  If  the  power  of  giving  a  fhock  is  in 
the  water  contained  in  the  phial,  it  fhould  remain  there 
tho’  decanted  into  another  phial,  fince  no  non-electric 
body  touch’d  it  to  take  that  power  off.  The  phial 
being  placed  on  wax  is  no  objection,  for  it  cannot  take 
the  power  from  the  water,  if  it  had  any,  but  it  is  a 
neceffary  means  to  try  the  fa6t ;  whereas,  that  phial’s 
being  charged  when  held  in  a  man’s  hand,  only  proves 
that  water  will  conduct  the  electric  matter.  The  Abbe 

U  owns, 
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owns,  p.  94,  that  he  had  heard  this  remarked,  But 
fays,  Why  is  not  a  conductor  of  electricity  an  eleCtric 
fubiect  ?  This  is  not  the  queftion;  Mr.  Franklin  never 
laid  that  water  was  not  an  eleCtric  fubjeCt  5  he  faid, 
that  the  power  of  giving  a  fhock  was  in  the  glafs,  and 
not  in  the  water;  and  this,  his  experiments  fully 
prove  ;  fo  fully,  that  it  may  appear  impertinent  to 
offer  any  more :  Yet  as  I  do  not  know  that  the  follow¬ 
ing  has  been  taken  notice  of  by  any  body  before,  my 
inferting  of  it  in  this  place  may  be  excufed.  It  is 
this :  Hang  a  phial,  prepared  for  the  Leyden  experi¬ 
ment,  to  the  conductor,  by  its  hook,  and  charge  it* 
which  done,  remove  the  communication  from  the  bot¬ 
tom  of  the  phial.  Now  the  conductor  fhews  evident 
figns  of  being  eleCtrifed  ;  for  if  a  thread  be  tied  round 
it,  and  its  ends  left  about  two  inches  long,  they  will 
extend themfelves  out  like  a  pair  of  horns;  but  if  you 
touch  the  conductor,  a  fpark  will  iffue  from  it,  and 
the  threads  will  fall,  nor  does  the  conductor  fhew 
the  lead:  fign  of  being  eleCtrifed  after  this  is  done.  I 
think  that  by  this  touch,  I  have  taken  out  all  the 
charge  of  eleCtric  matter  that  was  in  the  conductor, 
the  hook  of  the  phial,  and  water  or  filings  of  iron  con¬ 
tained  in  it ;  which  is  no  more  than  we  fee  all  non- 
eleCtric  bodies  will  receive  :  yet  the  glafs  of  the  phial 
retains  its  power  of  giving  a  fhock,  as  any  one  will 
find  that  pleafes  to  try.  This  experiment  fully  evi¬ 
dences,  that  the  water  in  the  phial  contains  no  more 
eleCtric  matter  than  it  would  do  in  an  open  bafon, 
and  has  not  any  of  that  great  quantity  which  produces 
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the  (hock,  and  is  only  retained  by  the  glafs.  If  after 
the  fpark  is  drawn  from  the  conductor,  you  touch  the 
coating  of  the  phial  (which  all  this  while  is  fuppofed 
to  hang  in  the  air,  free  from  any  non-eleftric  body) 
the  threads  on  the  conductor  will  inftantly  (tart  up, 
and  fhew  that  the  conduftor  is  eleftrifed.  It  receives 
this  eledtrifation  from  the  inner  furface  of  the  phial, 
which,  when  the  outer  furface  can  receive  what  it 
wants  from  the  hand  applied  to  it,  will  give  as  much 
as  the  bodies  in  contact  with  it  can  receive,  or,  if  they 
be  large  enough,  all  that  it  has  of  excels.  It  is  di¬ 
verting  to  fee  how  the  threads  will  rife  and  fall  by 
touching  the  coating  and  conductor  of  the  phial  alter¬ 
nately.  May  it  not  be  that  the  difference  between  the 
charged  fide  of  the  glafs,  and  the  outer  or  emptied  fide, 
being  lelfened  by  touching  the  hook  or  the  conductor  ; 
the  outer  fide  can  receive  from  the  hand  which  touched 
it,  and  by  its  receiving,  the  inner  fide  cannot  retain 
fo  much;  and  for  that  reafon  fo  much  as  it  cannot 
contain  eleftrifes  the  water,  or  filings  and  conductor  s 
For  it  feems  to  be  a  rule,  that  the  one  fide  mu  ft  be 
emptied  in  the  fame  proportion  that  the  other  is  filled : 
Though  this  from  experiment  appears  evident,  yet  it 
is  (till  a  myftery  not  to  be  accounted  for. 

I  am  in  many  places  of  the  Abbe’s  book  furprifed 
to  find  that  experiments  have  fucceeded  fo  differently 
at  Paris ,  from  what  they  did  with  Mr.  Franklin ,  and 
as  I  have  always  obferved  them  to  do.  The  Abbe,  in 
making  experiments  to  find  the  difference  between  the 
two  furfaces  of  a  charged  glafs,  will  not  have  the  phial 
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placed  on  wax :  For,  fays  he,  don’t  you  know  that 
being  placed  on  a  body  originally  eledtric,  it  quickly 
lofes  its  virtue  ?  I  cannot  imagine  what  fhould  have 
made  the  Abbe  think  fo ;  it  certainly  is  contradictory 
to  the  notions  commonly  received  of  eledtrics  per  fe ; 
and  by  experiment  I  find  it  entirely  otherwife  :  For 
having  feveral  times  left  a  charged  phial,  for  that  pur- 
pofe,  Handing  on  wax  for  hours,  I  found  it  to  retain 
as  much  of  its  charge  as  another  that  flood  at  the 
fame  time  on  a  table.  I  left  one  Handing  on  wax 
from  ten  o’clock  at  night  till  eight  next  morning, 
when  I  found  it  to  retain  a  fufficient  quantity  of  its 
charge,  to  give  me  a  fenfible  commotion  in  my  arms, 
though  the  room  in  which  the  phial  flood  had  been 
fwept  in  that  time,  which  mult  have  raifed  much  duft 
to  facilitate  the  difcharge  of  the  phial. 

I  find  that  a  cork-ball  fufpended  between  two  bot¬ 
tles,  the  one  fully  and  the  other  but  little  charged, 
will  not  play  between  them,  but  is  driven  into  a  fitua- 
tion  that  makes  a  triangle  with  the  hooks  of  the 
phials :  though  the  Abbe  has  alferted  the  contrary  of 
this,  p.  1 01,  in  order  to  account  for  the  playing  of  a 
cork-ball  between  the  wire  thruft  into  the  phial,  and 
one  that  rifes  up  from  its  coating.  The  phial  which 
is  ieaft  charged  mu  ft  have  more  eledtric  matter  given 
to  it,  in  proportion  to  its  bulk,  than  the  cork-ball  re¬ 
ceives  from  the  hook  of  the  full  phial. 

The  Abbe  fays,  p.  103,  <c  that  a  piece  of  metal  leaf 
“  hung  to  a  filk  thread  and  eledtrifed,  will  be  repelled 
cc  by  the  bottom  of  a  charged  phial  held  by  its  hook 
tc  in  the  air:”  This  I  find  conftantly  otherwife,  it  is 
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with  me  always  firft  att'rafled  and  then  repelled  :  It  is- 
neceflary  in  charging  the  leaf  to  be  careful,  that  it 
does  not  fly  oft'  to  fome  non-eledtric  body,  and  fo  dis¬ 
charge  itfelf  when  you  think  it  is  charged;  it  is  dif¬ 
ficult  to  keep  it  from  flying  to  your  own  wrift,  or  to 
fome  part  of  your  body. 

The  Abbe,  p.  108,  fays,  ££  that  it  is  not  importable, 
cc  as  Mr.  Franklin  fays  it  is,  to  charge  a  phial  while 
££  there  is  a  communication  formed  between  its  coat- 
<£  ing  and  its  hook.”  I  have  always  found  it  impof- 
fible  to  charge  fuch  a  phial  fo  as  to  give  a  fliock :  In¬ 
deed  if  it  hang  on  the  conductor  without  a  commu¬ 
nication  from  it,  you  may  draw  a  fpark  from  it  as  you 
may  from  any  body  that  hangs  there,  but  this  is  very 
different  from  being  charged  in  fuch  a  manner  as  to 
give  a  fhock.  The  Abbe,  in  order  to  account  for  the 
little  quantity  of  electric  matter  that  is  to  be  found  in 
the  phial,  fays,  ££  that  it  rather  follows  the  metal  than 
££  the  glafs,  and  that'  it  is  fpewed  out  into  the  air  from 
£C  the  coating  of  the  phial.”  I  wonder  how  it  comes 
not  to  do  fo  too,  when  it  lifts  through  the  glafs,  and 
charges  the  exterior  furface,  according  to  the  Abbe’s 
fyftem  ! 

^  ^  •  *■  '  0  *  ’  U  *  L 

The  Abbe’s  objections  agamfl:  Mr.  Franklins  two 
laid  experiments,  I  think,  have  little  weight  in  them : 
He  feems,  indeed,  much  at  a  lofs  what  to  fay,  where¬ 
fore  he  taxes  Mr.  Franklin  with  having  concealed  a 
material  part  of  the  experiment ;  a  thing  too  mean 
for  any  gentleman  to  be  charged  with,  who  has  not 
fhewn  as  great  a  partiality  in  relating  experiments,  as 
the  Abbe  has  done. 
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Some  Obfervations  on  'Thunder-Clouds , 


In  further  Confirmation  of  Mr.  Franklin’s  Ob¬ 
fervations  on  the  pofitive  and  negative  electri¬ 
cal  State  of  the  Clouds,  by  John  Canton, 
M.  A.  and  F.  R.  S. 

Dec.  6,  1753. 

EXPERIMENT  I. 

FROM  the  deling,  or  any  convenient  part  of  a 
room,  let  two  cork-balls,  each  about  the  bignefs 
of  a  fmall  pea,  be  fufpended  by  linen  threads  of  eight 
or  nine  inches  in  length,  fo  as  to  be  in  contact  with 
■each  other.  Bring  the  excited  glafs  tube  under  the 
balls,  and  they  will  be  feparated  by  it,  when  held  at 
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the  diftance  of  three  or  four  feet;  let  it  be  brought 
nearer,  and  they  will  (land  farther  apart;  intirely 
withdraw  it,  and  they  will  immediately  come  together. 
This  experiment  may  be  made  with  very  fmall  brafs 
balls  hung  by  filver  wire ;  and  will  fucceed  as  well 
with  fealing-wax  made  eleCtrical,  as  with  glafs.. 

EXPERIMENT  II. 

\ 

If  two  cork-balls  be  fufpended  by  dry  filk  threads, 
the  excited  tube  muft  be  brought  within  eighteen 
inches  before  they  will  repel  each  other ;  which  they 
will  continue  to  do,  for  lome  time,  after  the  tube  is 
taken  away. 

As  the  balls  in  the  firft  experiment  are  not  infulated, 
they  cannot  properly  be  faid  to  be  electrified :  but 
when  they  hang  within  the  atmofphere  of  the  excited 
tube,  they  may  attradt  and  condenfe  the  eleCtrical 
fluid  round  about  them,  and  be  feparated  by  the  re- 
pulfion  of  its  particles.  It  is  conjectured  alfo,  that 
the  balls  at  this  time  contain  lefs  than  their  common 
fhare  of  the  eleCtrical  fluid,  on  account  of  the  repel¬ 
ling  power  of  that  which  furrounds  them  ;  though 
fome,  perhaps  is  continually  entering  and  paffing. 
through  the  threads.  And  if  that  be  the  cafe,  the 
reafon  is  plain  why  the  balls  hung  by  filk,  in  the  fe- 
cond  experiment,  muft  be  in  a  much  more  denfe  part 
of  the  atmofphere  of  the  tube,  before  they  will  repel 
each  other.  At  the  approach  of  an  excited  flick  of 
wax  to  the  balls,  in  the  firft  experiment,  the  electri¬ 
cal  fire  is  fuppofed  to  come  through  the  threads  into 
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the  balls,  and  be  condenfed  there,  in  its  pafTage 
towards  the  wax  5  for,  according  to  Mr.  Franklin , 
excited  glafs  emits  the  eledtric  fluid,  but  excited  wax 
receives  it. 

EXPERIMENT  III. 

1  \  ,  * .  ..  .  ■  1  ■  *  *  Ki 

Let  a  tin  tube,  of  four  or  five  feet  in  length,  and 
about  two  inches  in  diameter,  be  infulated  by  filk,  and 
from  one  end  of  it  let  the  cork-balls  be  fufpended  by 
linen  threads*  Eledtrify  it,  by  bringing  the  excited 
glafs  tube  near  the  other  end,  fo  as  that  the  balls  may 
ftand  an  inch  and  an  half  or  two  inches  a-part  : 
Then,  at  the  approach  of  the  excited  tube,  they  will, 
by  degrees,  lofe  their  repelling  power,  and  come  into 
contadt ;  and  as  the  tube  is  brought  ftill  nearer,  they 
will  feparate  again  to  as  great  a  diftance  as  before  :  In 
the  return  of  the  tube  they  will  approach  each  other 
till  they  touch,  and  then  repel  as  at  firft.  If  the  tin 
tube  be  eledtrified  by  wax,  or  the  wire  of  a  charg’d 
phial,  the  balls  will  be  affedted  in  the  fame  manner  at 
the  approach  of  excited  wax,  or  the  wire  of  the 
phial. 

EXPERIMENT  IV. 

Eledtrify  the  cork-balls,  as  in  the  laft  experiment, 
by  glafs,  and  at  the  approach  of  an  excited  ftick  of 
wax  their  repulfion  will  be  increafed.  The  effect  will 
be  the  fame,  if  the  excited  glafs  be  brought  towards 
them,  when  they  have  been  eledlrified  by  wax. 
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The  bringing  the  excited  glafs  to  the  end,  or  edge 
of  the  tin-tube,  in  the  third  experiment,  is  fuppofed 
to  eledtrify  it  pofitively,  or  to  add  to  the  eledtrical  fire 
it  before  contained  ;  and  ‘therefore  fome  will  be  run¬ 
ning  off  through  the  balls,  and  they  will  repel  each 
other.  But  at  the  approach  of  excited  glafs,  which 
likewife  emits  the  eledlrical  fluid,  the  difcharge  of  it 
from  the  balls  will  be  diminifhed ;  or  part  will  be 
driven  back,  by  a  force  adting  in  a  contrary  direction ; 
and  they  will  come  nearer  together.  If  the  tube  be 
held  at  fuch  a  diftance  from  the  balls,  that  the  excefs 
of  the  denflty  of  the  fluid  round  about  them,  above 
the  common  quantity  in  air,  be  equal  to  the  excefs  of 
the  denflty  of  that  within  them,  above  the  common 
quantity  contained  in  cork ;  their  repulflon  will  be 
quite  deftroyed.  But  if  the  tube  be  brought  nearer; 
the  fluid  without,  being  more  denfe  than  that  within 
the  balls,  it  will  be  attradled  by  them,  and  they  will 
recede  from  each  other  again. 

When  the  apparatus  has  loft  part  of  its  natural 
fhare  of  this  fluid,  by  the  approach  of  excited  wax  to 
one  end  of  it,  or  is  eleftrified  negatively  ;  the  eledtri- 
cal  fire  is  attracted  and  imbibed  by  the  balls  to  fupply 
the  deficiency  ;  and  that  more  plentifully  at  the  ap¬ 
proach  of  excited  glafs  ;  or  a  body  pofitively  electri¬ 
fied,  than  before ;  whence  the  diftance  between  the 
balls  will  be  increafed,  as  the  fluid  furrounding  them 
is  augmented.  And  in  general,  whether  by  the  ap¬ 
proach  or  recefs  of  any  body;  if  the  difference  be¬ 
tween  the  denflty  of  the  internal  and  external  fluid  be 
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increafed,  or  diminifhed  j  the  repulfion  of  the  balls 
will  be  increafed,  or  diminifhed,  accordingly. 

E  X  P  E  R  1  M  E  N  T"  V. 

When  the  infulated  tin-tube  is  not  eleftrified,  bring 
the  excited  glafs  tube  towards  the  middle  of  it,  fo  as 
to  be  nearly  at  right-angles  with  it,  and  the  balls  at 
the  end  will  repel  each  other ;  and  the  more  fo,  as  the 
excited  tube  is  brought  nearer.  When  it  has  been 
held  a  few  feconds,  at  the  diftance  of  about  fix  inches, 
withdraw  it,  and  the  balls  will  approach  each  other 
till  they  touch ;  and  then  feparating  again,  as  the  tube 
is  moved  farther  off,  will  continue  to  repel  when  it  is 
taken  quite  away.  And  this  repulfion  between  the 
balls  will  be  increafed  by  the  approach  of  excited  glafs, 
but  diminifhed  by  excited  wax;  juft  as  if  the  appa¬ 
ratus  had  been  electrified  by  wax,  after  the  manner 
defcribed  in  the  third  experiment. 

EXPERIMENT  VI. 

Infulate  two  tin-tubes,  diftinguifhed  by  A  and  R, 
fo  as  to  be  in  a  line  with  each  other,  and  about  half 
an  inch  apart ;  and  at  the  remote  end  of  each,  let  a 
pair  of  cork-balls  be  fufpended.  Towards  the  middle 
of  A,  bring  the  excited  glafs  tube,  and  holding  it  a 
fhort  time,  at  the  diftance  of  a  few  inches,  each  pair 
of  balls  will  be  obferved  to  feparate :  withdraw  the 
tube,  and  the  balls  of  A  will  come  together,  and  then 
repel  each  other  again ;  but  thofe  of  B  will  hardly  be 
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affected.  By  the  approach  of  the  excited  glafs  tube, 
held  under  the  balls  of  A ,  their  repulfion  will  be  in- 
creafed :  but  if  the  tube  be  brought,  in  the  fame  man¬ 
ner,  towards  the  balls  of  J3,  their  repulfion  will  be 
diminifhed. 

In  the  fifth  experiment,  the  common  ftock  of  elec¬ 
trical  matter  in  the  tin-tube,  is  fuppofed  to  be  attenuated 
about  the  middle,  and  to  be  condemned  at  the  ends,  by 
the  repelling  power  of  the  atmofphere  of  the  excited 
glafs  tube,  when  held  near  it.  And  perhaps  the  tin- 
tube  may  lofe  fome  of  its  natural  quantity  of  the 
electrical  fluid,  before  it  receives  any  from  the  glafs ; 
as  that  fluid  will  more  readily  run  off  from  the  ends 
and  edge  of  it,  than  enter  at  the  middle  :  and  accord¬ 
ingly,  when  the  glafs  tube  is  withdrawn,  and  the  fluid 
is  again  equally  diffufed  through  the  apparatus,  it  is 
found  to  be  electrified  negatively:  For  excited  glafs 
brought  under  the  balls  will  increafe  their  repulfion. 

In  the  fixth  experiment,  part  of  the  fluid  driven  out 
of  one  tin-tube  enters  the  other;  which  is  found  to 
be  eleCtrified  pofitively,  by  the  decreafing  of  the  repul¬ 
fion  of  its  balls,  at  the  approach  of  excited  glafs. 

EXPERIMENT  VII. 

Let  the  tin-tube,  with  a  pair  of  balls  at  one  end, 
be  placed  three  feet  at  lead:  from  any  part  of  the  room, 
and  the  air  rendered  very  dry  by  means  of  a  fire  :  elec¬ 
trify  the  apparatus  to  a  confiderable  degree  ;  then 
touch  the  tin-tube  with  a  finger,  or  any  other  con-, 
duCtor,  and  the  bails  will,  notwithftanding,  continue 
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to  repel  each  other;  though  not  at  fo  great  a  diftance 
as  before. 

The  air  furrounding  the  apparatus  to  the  diftance 
of  two  or  three  feet,  is  fuppofed  to  contain  more  or 
lefs  of  the  electrical  fire,  than  its  common  fhare,  as 
the  tin  tube  is  electrified  pofitiveiy,  or  negatively ;  and 
when  very  dry,  may  not  part  with  its  overplus,  or 
have  its  deficiency  fupplied  fo  fuddenly,  as  the  tin ; 
but  may  continue  to  be  electrified,  after  that  has  been 
touched  for  a  confiderable  time. 

EXPERIMENT  VIII. 

Having  made  the  Torricellian  vacuum  about  five 
feet  long,  after  the  manner  defcribed  in  the  P hi lof opti¬ 
cal  fr  an  faff  ions  ^  Vol.  xlvii..  p.  370.  if  the  excited  tube 
be  brought  within  a  fmall  diftance  of  it,  a  light  will 
be  feen  through  more  than  half  its  length ;  which 
boon  vanifhes,  if  the  tube  be  not  brought  nearer;  but 
will  appear  again,  as  that  is  moved  farther  off.  This 
may  be  repeated  feveral  times,  without  exciting  the 
tube  afrefh. 

This  experiment  may  be  confidered  as  a  kind  of 
ocular  demonftration  of  the  truth  of  Mr.  Franklins 
hypothefis ;  that  when  the  eleftrical  fluid  is  condenfed 
on  one  fide  of  thin  glafs,  it  will  be  repelled  from  the 
other,  if  it  meets  with  no  refiftance.  According  to 
which,  at  the  approach  of  the  excited  tube,  the  fire  is 
fuppofed  to  be  repelled  from  the  infide  of  the  glafs 
furrounding  the  vacuum,  and  to  be  carried  off  through 
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the  columns  of  mercury;  but,  as  the  tube  is  with¬ 
drawn,  the  fire  is  fuppofed  to  return. 

EXPERIMENT  IX. 

Let  an  excited  flick  of  wax,  of  two  feet  and  an 
half  in  length,  and  about  an  inch  in  diameter,  be 
held  near  its  middle.  Excite  the  glafs  tube,  and  draw 
it  over  one  half  of  it;  then,  turning  it  a  little  about 
its  axis,  let  the  tube  be  excited  again,  and  drawn  over 
the  fame  half ;  and  let  this  operation  be  repeated  feveral 
times :  then  will  that  half  deflroy  the  repelling  power 
of  balls  eleCtrified  by  glafs,  and  the  other  half  will 
increafe  it. 

By  this  experiment  it  appears,  that  wax  alfo  may  be 
electrified  pofitively  and  negatively.  And  it  is  proba¬ 
ble,  that  all  bodies  whatfoever  may  have  the  quantity 
they  contain  of  the  electrical  fluid,  increafed,  or  di- 
minifhed.  The  clouds,  I  have  obferved,  by  a  great 
number  of  experiments,  to  be  fome  in  a  pofitive,  and 
others  in  a  negative  flate  of  electricity.  For  the  cork- 
balls,  eleftrified  by  them,  will  fometimes  clofe  at  the 
approach  of  excited  glafs ;  and  at  other  times  be  fe- 
parated  to  a  greater  diftance.  And  this  change  I  have 
known  to  happen  five  or  fix  times  in  lefs  than  half  an 
hour;  the  balls  coming  together  each  time,  and  re¬ 
maining  in  contaCt  a  few  feconds,  before  they  repel  , 
each  other  again.  It  may  likewife  eafily  be  difeovered, 
by  a  charged  phial,  whether  the  eleCtrical  fire  be  drawn 
out  of  the  apparatus  by  a  negative  cloud,  or  forced 
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into  it  by  a  pofitive  one:  and  by  which  foever  it  be 
electrified,  fhould  that  cloud  either  part  with  its  over¬ 
plus,  or  have  its  deficiency  fupplied  fuddenly,  the  ap¬ 
paratus  vcill  lofe  its  electricity :  which  is  frequently 
obferved  to  be  the  cafe,  immediately  after  a  flafh  of 
lightning.  Yet  when  the  air  is  very  dry,  the  appa¬ 
ratus  will  continue  to  be  eleftrifed  for  ten  minutes,  or 
a  quarter  of  an  hour,  after  the  clouds  have  paffed  the 
zenith  ;  and  fometimes  till  they  appear  more  than  half¬ 
way  towards  the  horizon.  Rain,  efpecially  when  the 
drops  are  large,  generally  brings  down  the  electrical 
fire:  and  hail,  in  fummer,  1  believe  never  fails.  When 
the  apparatus  was  laft  elebfrified,  it  was  by  the  fall  of 
thawing  fnow,  which  happened  fo  lately,  as  on  the 
1 2th  of  November ;  that  being  the  twenty-fixth  day, 
and  fixty-firft  time,  it  has  been  electrified,  fince  it  was 
fir  ft  fet  up ;  which  was  about  the  middle  of  May.  And 
as  Fahrenheit;  s  thermometer  was  but  feven  degrees  above 
freezing,  it  is  fuppofed  the  winter  will  not  intirely  put 
a  flop  to  obfervations  of  this  fort.  At  London ,  no 
more  than  two  thunder-ftorms  have  happened  during 
the  whole  fummer ;  and  the  apparatus  was  fometimes 
fo  ftrongly  electrified  in  one  of  them,  that  the  bells, 
which  have  been  frequently  rung  by  the  clouds,  fo 
loud  as  to  be  heard  in  every  room  of  the  houfe  (the 
doors  being  open)  were  filenced  by  the  almoft  conftant 
ft  ream  of  denfe  eleftrical  fire,  between  each  bell  and 
the  brafs  ball,  which  would  not  fuffer  it  to  ftrike. 

I  (hall  conclude  this  paper,  already  too  long,  with 
the  following  queries  : 
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1.  May  not  air,  fuddenly  rarefied,  give  electrical 
fire  to,  and  air  fuddenly  conde'nfed*  receive  electrical 
fire  from,  clouds  and  vapours  palling  through  it  ? 

2.  Is  not  the  aurora  borealis ,  the  flashing  of  electri¬ 
cal  fire  from  pofitive,  towards  negative  clouds  at  a 
great  diftance,  through  the  upper  part  of  the  atmof- 

phere,  where  the  reliftance  is  lead;  ? 

. 

,  —  %  «  •  '  1  .  ’  '  a  i 

)  ^  ^  L  h  i  •  • 
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AS  Mr.  Franklin ,  in  a  former  letter  to  Mr.  Collin - 
fan,  mentioned  his  intending  to  try  the  power 
of  a  very  ftrong  eleftrical  fhock  upon  a  turkey,  that 
gentleman  accordingly  has  been  fo  very  obliging  as  to 
fend  an  account  of  it,  which  is  to  the  following 
purpofe. 

He  made  fir  ft  feveral  experiments  on  fowls,  and 
found,  that  two  large  thin  glafs  jars  gilt,  holding  * 
each  about  fix  gallons,  were  fufficient,  when  fully 
charged,  to  kill  common  hens  outright  5  but  the 
turkeys,  though  thrown  into  violent  convulfions,  and 
then  lying  as  dead  for  fome  minutes,  would  recover 
in  lefs  than  a  quarter  of  an  hour.  However,  having 
added  three  other  fuch  to  the  former  two,  though  not 
fully  charged,  he  killed  a  turkey  of  about  ten  pounds 
weight,  and  believes  that  they  would  have  killed  a 
much  larger.  He  conceited,  as  himfelf  fays,  that  the 
birds  killed  in  this  manner  eat  uncommonly  tender. 

In  making  thefe  experiments,  he  found,  that  a  man 
could,  without  great  detriment,  bear  a  much  greater 
fhock  than  he  had  imagined  :  for  he  inadvertently  re¬ 
ceived  the  ftroke  of  two  of  thefe  jars  through  his 
arms  and  body,  when  they  were  very  near  fully  charged. 
It  feemed  to  him  an  univerfal  blow  throughout  the 
body  from  head  to  foot,  and  was  followed  by  a  violent 
quick  trembling  in  the  trunk,  which  went  off  gra¬ 
dually 
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dually  in  a  few  feconds.  It  was  fome  minutes  before 
he  could  recollect  his  thoughts,  fo  as  to  know  what 
was  the  matter;  for  he  did  not  fee  the  flafh,  though 
his  eye  was  on  the  fpot  of  the  prime-conduCtor,  from 
whence  it  ftruck  the  back  of  his  hand ;  nor  did  he 
hear  the  crack,  though  the  by-danders  faid  it  was  a 
loud  one ;  nor  did  he  particularly  feel  the  ftroke  on 
his  hand,  though  he  afterwards  found  it  had  raifed  a 
fwelling  there,  of  the  bignefs  of  half  a  piftol-bullet. 
His  arms  and  the  back  of  the  neck  felt  fomewhat 

•%  r*  r  #  "  N  T 

numbed  the  remainder  of  the  evening,  and  his  bread 
was  fore  for  a  week  after,  as  if  it  had  been  bruifed. 

-  v.  V  ^ 

From  this  experiment  may  be  feen  the  danger,  even 
under  the  greated  caution,  to  the  operator,  when 
making  thefe  experiments  with  large  jars;  for  it  is 
not  to  be  doubted,  but  feveral  of  thefe  fully  charged 
would  as  certainly,  by  increafing  them  in  proportion 
to  the  fize,  kill  a  man,  as  they  before  did  a  turkey. 

N.  B.  The  original  of  this  letter,  which  was  read 
at  the  Royal  Society,  has  been  millaid. 
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ELECT  RICAL  and  other  Philosophical 

PAPERS  and  LETTERS. 


Electrical  Experiments  made  in  Purfuance  of 
thofe  made  by  Mr.  Canton,  dated  December  6, 
1 7  5  3  ;  with  Explanations ,  by  Mr.  Benjamin 
Franklin. 


Philadelphia ,  March  14,  1 755. 


Principles. 


Read  at  the  Royal 
Society,  Dee .  iB. 


I.  T~7  LECTRIC  atmofpheres,  that  flow 
i7-~.  ][2j  round  non-electric  bodies,  being 

brought  near  each  other,  do  not  readily  mix  and  unite 
into  one  atmofphere,  but  remain  feparate,  and  repel 
each  other. 

This  is  plainly  feen  in  fufpended  cork-balls,  and 
other  bodies  eleftrified. 

II.  An  eledtric  atmofphere  not  only  repels  another 
electric  atmofphere,  but  will  alfo  repel  the  eledtric 
matter  contained  in  the  fubftance  of  a  body  approach¬ 
ing  it;  and,  without  joining  or  mixing  with  it,  force 
it  to  other  parts  of  the  body  that  contained  it. 
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This  is  fhewn  by  fome  of  the  following  experiments. 

III.  Bodies  eleftrified  negatively,  or  deprived  of  their 
natural  quantity  of  electricity,  repel  each  other,  (or 
at  lead:  appear  to  do  fo,  by  a  mutual  receding)  as  well 
as  thofe  electrified  pofitively,  or  which  have  eleCtric 
atmofpheres. 

This  is  fhewn  by  applying  the  negatively  charged 
wire  of  a  phial  to  two  cork-balls,  fufpended  by  lilk 
threads,  and  by  many  other  experiments. 

Preparation. 

Fix  a  taffel  of  fifteen  or  twenty  threads,  three  inches 
long,  at  one  end  of  a  tin  prime-conduCtor,  (mine  is 
about  five  feet  long,  and  four  inches  diameter)  fup- 
ported  by  filk  lines. 

Let  the  threads  be  a  little  damp,  but  not  wet, 

EXPERIMENT  I. 

Pafs  an  excited  glafs  tube  near  the  other  end  of  the  prime - 

conduclor ,  fo  as  to  give  it  fome  fparks ,  and  the  threads 

will  diverge . 

Becaufe  each  thread,  as  well  as  the  prime-conduftor, 
has  acquired  an  eleftric  atmofphere,  which  repels  and 
is  repelled  bv  the  atmofpheres  of  the  other  threads : 
if  thofe  feveral  atmofpheres  would  readily  mix,  the 
threads  might  unite,  and  hang  in  the  middle  of  one 
atmofphere,  common  to  them  all. 

Y  2 
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Rub  the  tube  afrejh,  and  approach  the  prime-conductor  there¬ 
with  ,  croj sways,  near  that  end ,  but  not  nigh  enough  to 
give  fparks ;  and  the  threads  will  diverge  a  little  more . 

Becaufe  the  atmofphere  of  the  prime-condudtor  is 
preffed  by  the  atmofphere  of  the  excited  tube,  and 
driven,  towards  the  end  where  the  threads  are,  by 
which  each  thread  acquires  more  atmofphere. 

Withdraw  the  tube ,  and  they  will  clofe  as  much. 

They  clofe  as  much,  and  no  more;  becaufe  the 
atmofphere  of  the  glafs  tube  not  having  mixed  with 
the  atmofphere  of  the  prime-conductor,  is  withdrawn 
intire,  having  made  no  addition  to,  or  diminution 
from  it. 

Bring  the  excited  tube  under  the  tuft  of  threads ,  and  they 
will  clofe  a  little . 

They  clofe,  becaufe  the  atmofphere  of  the  glafs  tube 
repels  their  atmofpheres,  und  drives  part  of  them  back 
on  the  prime-conduftor. 

Withdraw  it ,  and  they  will  diverge  as  much. 

For  the  portion  of  atmofphere  which  they  had  loft, 
returns  to  them  again. 

EXPERIMENT  II. 

Excite  the  glafs  tube ,  and  approach  the  pri  me- conduct  or  with 
it,  holding  it  acrofs,  near  the  end  oppofite  to  that  on  which 
the  threads  hang ,  at  the  diftance  of  five  or  fix  inches . 
Keep  it  there  a few feconds,  and  the  threads  op'  the  t  a  fie  Is 
will  diverge .  Withdraw  it,  and  they  will  clofe. 
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They  diverge,  becaufc  they  have  received  electric  at¬ 
mofpheres  from  the  eledtric  matter  before  contained 
in  the  fubftance  of  the  prime-conductor  5  but  which 
is  now  repelled  and  driven  away,  by  the  atmofphere 
of  the  glafs  tube,  from  the  parts  of  the  prime-con- 
dudtor  oppofite  and  neareft  to  that  atmofphere,  and 
forced  out  upon  the  furface  of  the  prime-condudtor 
at  its  other  end,  and  upon  the  threads  hanging  thereto. 
Were  it  any  part  of  the  atmofphere  of  the  glafs  tube 
that  flowed  over  and  along  the  prime-conductor  to  the 
threads,  and  gave  them  atmofpheres,  (as  is  the  cafe 
when  a  fpark  is  given,  to  the- prime-conductor  from 
the  glafs  tube)  fuch  part  of  the  tube’s  atmofphere  would 
have  remained,  and  the  threads  continue  to  diverge  3  but 
they  clofe  on  withdrawing  the  tube,  becaufe  the  tube 
takes  with  it  all  its  own  atmofphere ,  and  the  eledtric  mat¬ 
ter,  which  had  been  driven  out  of  the  fubftance  of  the 
prime-condudtor,  and  formed  atmofpheres  round  the 
threads,  is  thereby  permitted  to  return  to  its  place. 

T ake  a  fpark  from  the  prime-conduStor  near  the  threads , 
when  they  are  diverged  as  before ,  and  they  will  clofe. 

For  by  fo  doing  you  take  away  their  atmofpheres, 
compofed  of  the  eledtric  matter  driven  out  of  the  fub¬ 
ftance  of  the  prime-condudtor,  as  aforefaid,  by  the  re- 
pellency  of  the  atmofphere  of  the  glafs  tube.  By  taking 
this  fpark  you  rob  the  prime-condudtor  of  part  of  its 
natural  quantity  of  the  electric  matter  $  which  part  fo 
taken  is  not  fupplied  by  the  glafs  tube,  for  when  that 
is  afterwards  withdrawn,  it  takes  with  it  its  whole  at¬ 
mofphere 
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mofphere,  and  leaves  the  prime-condudtor  eledtrifed 
negatively,  as  appears  by  the  next  operation, 

"Then  withdraw  the  tube ,  and  they  will  open  again . 

For  now  the  eledtric  matter  in  the  prime-condudtor, 
returning  to  its  equilibrium,  or  equal  diffufion,  in  all 
parts  of  its  fubftance,  and  the  prime-condudtor  having 
loft  fome  of  its  natural  quantity,  the  threads  connedted 
with  it  lofe  part  of  theirs,  and  fo  are  eledtrifed  nega¬ 
tively,  and  therefore  repel  each  other,  by  Pr.  III. 

Approach  the  prime-conduBor  with  the  tube  near  the  fame 
place  as  at  firfty  and  they  will  clofe  again . 

Becaufe  the  part  of  their  natural  quantity  of  eledtric 
fluid,  which  they  had  loft,  is  now  reftored  to  them 
again,  by  the  repulfion  of  the  glafs  tube  forcing  that 
fluid  to  them  from  other  parts  of  the  prime-conductor ; 
fo  they  are  now  again  in  their  natural  ftate. 

Withdraw  it ,  and  they  will  open  again . 

For  what  had  been  reftored  to  them,  is  now  taken 
from  them  again,  flowing  back  into  the  prime-con¬ 
ductor,  and  leaving  them  once  more  eledtrifed  nega¬ 
tively. 

Bring  the  excited  tube  under  the  threads ,  and  they  will  di¬ 
verge  more . 

Becaufe  more  of  their  natural  quantity  is  driven 
from  them  into  the  prime-condudtor,  and  thereby 
their  negative  electricity  increafed. 

EXPE- 
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EXPERIMENT  III. 

Tthe  prime -con  duff  or  not  being  electrified ,  bring  the  excited 
tube  under  the  tajfil,  and  the  threads  will  diverge . 

Part  of  their  natural  quantity  is  thereby  driven  out 
of  them  into  the  prime-conduftor,  and  they  become 
negatively  eleftrifed,  and  therefore  repel  each  other. 

Keeping  the  tube  in  the  fame  place  with  one  hand ,  attempt 
to  touch  the  threads  with  the  finger  of  the  other  hand,  and 

they  will  recede  from  the  finger, 

* 

Becaufe  the  finger  being  plunged  into  the  atmofphere 
of  the  glafs  tube,  as  well  as  the  threads,  part  of  its 
natural  quantity  is  driven  back  through  the  hand  and 
body,  by  that  atmofphere,  and  the  finger  becomes,  as 
well  as  the  threads,  negatively  eleftrifed,  and  fo  repels, 
and  is  repelled  by  them.  To  confirm  this,  hold  a 
(lender  light  lock  of  cotton,  two  or  three  inches  long, 
near  a  prime-condudtor,  that  is  electrified  by  a  glafs  * 
globe,  or  tube.  You  will  fee  the  cotton  ftretch  itfelf 
out  towards  the  prime-conduftor.  Attempt  to  touch 
it  with  the  finger  of  the  other  hand,  and  it  will  be 
repelled  by  the  finger.  Approach  it  with  a  pofitively 
charged  wire  of  a  bottle,  and  it  will  fly  to  the  wire. 
Bring  it  near  a  negatively  charged  wire  of  a  bottle,  it 
will  recede  from  that  wire  in  the  fame  manner  that  it 
did  from  the  finger  ;  which  demonftrates  the  finger  to 
be  negatively  eleclrifed,  as  well  as  the  lock  of  cotton 
fo  fituated. 


Extra  Cl 
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ExtraEl  of  a  Letter  concerning  EleSiricity ,  from 
Mr.  B.  Franklin,  to  Motif.  D’Alibard,  at 
Paris,  inclofed  hi  a  Letter  to  Mr.  Peter  Col- 
linfon,  F.  R.  S* 

Philadelphia ,  June  29,  1 755. 


ResociettyhCJi°yal  m\Z‘  ®  ^  defire  my  opinion  of  Fere  Bee - 
18,  17 55-  A  carias  Iialia?2  book  I  have  read 
it  with  much  pleafure,  and  think  it  one  of  the  beft 
pieces  on  the  fubjeft  that  I  have  feen  in  any  language. 
Yet  as  to  the  article  of  water-fpouts,  I  am  not  at  pre- 
fent  of  his  fentiments  ;  though  I  mult  own  with  you, 
that  he  has  handled  it  very  ingenioufiy.  Mr.  Collinfon 
has  my  opinion  of  whirlwinds  and  water-fpouts  at 
large,  written  fome  time  fmce.  I  know  not  whether 
they  will  be  publifhed;  if  not,  I  will  get  them  tran- 
feribed  for  your  perufal.  It  does  not  appear  to  me 
that  Fere  Beccaria  doubts  of  the  abfotute  impermeability 
of  glafs  in  the  fenfe  I  meant  it  •  for  the  inftances  he 
gives  of  holes  made  through  glafs  by  the  eledtric 
ftroke,  are  fuch  as  we  have  all  experienced,  and  only 
ihew  that  the  eleftric  fluid  could  not  pafs  without 
making  a  hole.  In  the  fame  manner  we  fay,  glafs  is 


*  Th  is  work  is  written  conformable  to  Mr.  Franklin'  s  theory,  upon 
artificial  and  natural  Electricity,  which  compote  the  two  parts  of  it.  It 
was  printed  in  Italian  at  Turin ,  in  4ta.  1753  ;  between  the  two  parts  is  a 
letter  to  the  Abbe  Nollet ■>  in  defence  of  Mr.  Franklin's  fyftem.  J.  BevL . 

impermeable 
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impermeable  to  water,  and  yet  a  ftream  from  a  fire- 
engine  will  force  through  the  ftrongeft  panes  of  a 
window.  As  to  the  effect  of  points  in  drawing  the 
ele&ric  matter  from  clouds,  and  thereby  fecuring 
buildings,  &c.  which,  you  fay,  he  feems  to  doubt,  I 
muft  own  I  only  think  he  fpeaks  modeftly  and  judi- 
cioufly.  I  find  I  have  been  but  partly  underftood  in 
that  matter.  I  have  mentioned  it  in  feveral  of  my 
letters,  and  except  once,  always  in  the  alternative ,  viz . 
that  pointed  rods  erefted  on  buildings,  and  communi¬ 
cating  with  the  moift  earth,  would  either  prevent  a 
ftroke,  ory  if  not  prevented,  would  conduct  it,  fo  as 
that  the  building  fliould  fufter  no  damage.  Yet  when¬ 
ever  my  opinion  is  examined  in  Europe ,  nothing  is 
confidered  but  the  probability  of  thofe  rods  preventing 
a  ftroke  of  explofton,  which  is  only  apart  of  the  ufe 
I  propofed  for  them ;  and  the  other  part,  their  con¬ 
ducing  a  ftroke,  which  they  may  happen  not  to  pre¬ 
vent,  feems  to  be  totally  forgotten,  though  of  equal 
importance  and  advantage  *. 

I  thank  you  for  communicating  M.  de  Baffin  s  rela¬ 
tion  of  the  effeft  of  lightning  at  Dijon ,  on  the  7th  of 


*  Notwithftanding  this  complaint  of  the  author’s,  repeated  in  four  edi¬ 
tions  of  his  papers,  he  continues  to  be  milunderftood  and  mifreprefented  in 
this  particular,  as  if  he  confidered  it  as  the  foie  ufe  of  pointed  rods,  that  they 
might  draw  off  the  lightning  from  the  clouds  and,  prevent  a  ftroke  ;  and  the 
very  inftances  adduced  by  him  to  fhow  that  the  roils  had  prote&ed  houfes, 
by  conducting  the  lightning  when  there  was  a  Jlroke ,  proved  by  its  having 
melted  the  points,  are  faid  to  be  inftances  of  conductors  being  unsuccess¬ 
ful, - in  a  pamphlet  entitled,  Obferwations  upon  Lightning ,  &c.  juft 

publifhed,  1773. 
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June  laft.  In  return,  give  me  leave  to  relate  an  in- 
fiance  I  lately  faw  of  the  fame  kind.  Being  in  the 
town  of  Newbury  in  New-England ,  in  November  laft,  I 
was  (hewn  the  effeft  of  lightning  on  their  church, 
which  had  been  ftruck  a  few  months  before.  The 
fteeple  was  a  fquare  tower  of  wood,  reaching  feventy 
feet  up  from  the  ground  to  the  place  where  the  bell 
hung,  over  which  rofe  a  taper  fpire,  of  wood  like- 
wife,  reaching  feventy  feet  higher,  to  the  vane  of  the 
weather-cock.  Near  the  bell  was  fixed  an  iron  ham¬ 
mer  to  ftrike  the  hours ;  and  from  the  tail  of  the 
hammer  a  wire  went  down  through  a  fmall  gimlet- 
hole  in  the  floor  that  the  bell  flood  upon,  and  through 
a  fecond  floor  in  like  manner ;  then  horizontally  under 
and  near  the  plaiftered  cieling  of  that  fecond  floor, 
till  it  came  near  a  plaiftered  wall ;  then  down  by  the 
flde  of  that  wall  to  a  clock,  which  flood  about  twenty 
feet  below  the  bell.  The  wire  was  not  bigger  than  a 
common  knitting  kneedle.  The  fpire  was  fplit  all  to 
pieces  by  the  lightning,  and  the  parts  flung  in  all  di¬ 
rections  over  the  fquare  in  which  the  church  flood,  fo 
that  nothing  remained  above  the  bell. 

The  lightning  puffed  'between  the  hammer  and  the 
clock  in  the  above-mentioned  wire,  without  hurting 
either  of  the  floors,  or  having  any  efFeft  upon  them, 
(except  making  the  gimblet-holes,  through  which  the 
wire  paffed,  a  little  bigger,)  and  without  hurting  the 
plaiftered  wall,  or  any  part  of  the  building,  fo  far  as 
the  aforefaid  wire  and  the  pendulum  wire  of  the  clock 
extended  5  .which  latter  wire  was  about  the  thicknefs 

of 
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of  a  goofe-quill.  From  the  end  of  the  pendulum, 
down  quite  to  the  ground,  the  building  was  exceed¬ 
ingly  rent  and  damaged,  and  fome  ftones  in  the  foun¬ 
dation-wall  torn  out,  and  thrown  to  the  diftance  of 
twenty  or  thirty  feet.  No  part  of  the  afore-mentioned 
long  fmall  wire,  between  the  clock  and  the  hammer, 
could  be  found,  except  about  two  inches  that  hung  to 
the  tail  of  the  hammer,  and  about  as  much  that  was 
fattened  to  the  clock  ;  the  reft  being  exploded,  and  its 
particles  diftipated  in  fmoke  and  air,  as  gunpowder  is 
by  common  fire,  and  had  only  left  a  black  fmutty 
track  on  the  plaiftering,  three  or  four  inches  broad, 
darkeft  in  the  middle,  and  fainter  towards  the  edges, 
all  along  the  cieling,  under  which  it  patted,  and  down 
the  wall.  Thefe  were  the  effects  and  appearances ; 
on  which  I  would  only  make  the  few  following  re¬ 
marks,  viz. 

1.  That  lightning,  in  its  paffage  through  a  building, 
will  leave  wood  to  pafs  as  far  as  it  can  in  metal,  and 
not  enter  the  wood  again  till  the  conductor  of  metal 
ceafes. 

And  the  fame  I  have  obferved  in  other  inftances,  as 
to  walls  of  brick  or  ftone. 

2.  The  quantity  of  lightning  that  patted  through 
this  fteeple  mutt  have  been  very  great,  by  its  effects 
on  the  lofty  fpire  above  the  bell,  and  on  the  fquare 
tower  all  below  the  end  of  the  clock  pendulum. 

3.  Great  as  this  quantity  was,  it  was  conducted  by 
a  fmall  wire  and  a  clock  pendulum,  without  the  leaft 
damage  to  the  building  fo  far  as  they  entended. 

Z  2  4.  The 


172  New  Experiments  and 

4.  The  pendulum  rod  being  of  a  fufficient  thick- 
nefs,  conduced  the  lightning  without  damage  to  it- 
felf  •  but  the  fmall  wire  was  utterly  deftroyed. 

5.  Though  the  fmall  wire  was  itfelf  deftroyed,  yet 
it  had  conducted  the  lightning  with  fafety  to  the 
building. 

6.  And  from  the  whole  it  feerns  probable,  that  if 
even  fuch  a  fmall  wire  had  been  extended  from  the 
fpindle  of  the  vane  to  the  earth,  before  the  ftorm,  no 
damage  would  have  been  done  to  the  fteeple  by  that 

.  ftroke  of  lightning,  though  the  wire  itfelf  had  been 
deftroyed. 
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LETTER  XIII. 

►  Siv  •  ^  \  .  •  .  J 

T  O  ’ 

Peter  Collinson,  £/y;  F.  R.  S.  at  London . 

Dear  Friend ,  Philadelphia ,  iWu.  23,  1753. 

IN  my  laid,  Virginia ,  I  promifed  to  fend  you  per 

next  fhip,  a  fmall  philofophical  pacquet :  But  now 
having  got  the  materials  (old  letters  and  rough  drafts) 
before  me,  I  fear  you  will  find  it  a  great  one.  Never- 
thelefs,  as  I  am  like  to  have  a  few  days  leifure  before 
this  fhip  fails,  which  I  may  not  have  again  in  a  long 
time,  I  fhall  tranfcribe  the  whole,  and  fend  it ;  for 
you  will  be  under  no  neceflity  of  reading  it  all  at 
once,  but  may  take  it  a  little  at  a  time,  now  and  then 
of  a  winter  evening.  When  you  happen  to  have  no¬ 
thing  elfe  to  do  (if  that  ever  happens,)  it  may  afford 
you  fome  amufement  *. 

B.  F. 


*  Thefe  Letter  and  Papers  are  a  Philofophical  Correfpondence  between 
Mr.  Franklin  and  fome  of  his  American  friends.  Mr.  Collinfon  communi¬ 
cated  them  to  the  Royal  Society,  where  they  were  read  at  different  meet¬ 
ings  during  the  year  1756.  But  Mr.  Franklin  having  particularly  requefted 
that  they  might  not  be  printed,  none  of  them  were  inferted  in  the  Tranf- 
a&ions.  Mr.  F.  had  at  that  time  an  intention  of  revifing  his  part  of  them, 
and  purfuing  fome  of  the  enquiries  farther;  but  finding  that  he  is  not  like 
to  have  fufRcient  leifure,  he  has  at  length  been  induced,  imperfect  as  they 
are,  to  permit  their  publication,  as  fome  of  the  hints  they  contain  may  pof- 
fibly  be  ufeful  to  others  in  their  philofophical  refearches. 


Extract 
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ExtraB  of  a  Letter  from  a  Gentleman  in 
Boston,  to  Benjamin  Franklin,  Efq\  con- 
cerning  the  crooked  Direction,  and  the  Source 
of  Lightning. 


Bojion ,  Dec .  21,  1751. 


SIR, 


H  E  experiments  Mr.  K.  has  exhibited  here,  have 


JL  been  greatly  pleafing  to  all  forts  of  people  that 
have  feen  them ;  and  I  hope,  by  the  time  he  returns 
to  Philadelphia ,  his  tour  this  way  will  turn  to  good 
account.  His  experiments  are  very  curious,  and  I 
think  prove  moil  effectually  your  dodlrine  of  electri¬ 
city;  that  it  is  a  real  element,  annexed  to,  and  dif- 
fufed  among  all  bodies  we  are  acquainted  with ;  that 
it  differs  in  nothing  from  lightning,  the  effedts  of  both 
being  fimilar,  and  their  properties,  fo  far  as  they  are 
known,  the  fame,  &c. 

The  remarkable  effedl  of  lightning  on  iron;  lately 
difcovered,  in  giving  it  the  magnetic  virtue,  and  the 
fame  effedl  produced  on  fmall  needles  by  the  eledtrical 
fire,  is  a  further  and  convincing  proof  that  they  are 
both  the  fame  element;  but,  which  is  very  unaccount¬ 
able,  Mr.  K.  tells  me,  it  is  neceffary,  to  produce  this 
effedl,  that  the  diredlion  of  the  needle  and  the  eiedlric 
fire  fhould  be  North  and  South ;  from  either  to  the 
other;  and  that  juft  fo  far  as  they  deviate  therefrom, 
the  magnetic  power  in  the  needle  is  lefs,  till  their 
diredlion  being  at  right  angles  with  the  North  and 
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South,  the  effect  entirely  ceafes.  We  made  at  Faneuil 
Hall,  where  Mr.  K - ’s  apparatus  is,  feveral  experi¬ 

ments  to  give  fome  fmall  needles  the  magnetic  virtue ; 
previoufiy  examining,  by  putting  them  on  water,  on 
which  they  will  be  fupported,  whether  or  not  they 
had  any  of  that  virtue  ,  and  I  think  we  found  all  of 
them  to  have  fome  fmall  degree  of  it,  their  points 
turning  to  the  North  :  We  had  nothing  to  do  then  but 
to  invert  the  poles,  which  accordingly  was  done,  by 
fending  through  them  the  charge  of  two  large  glafs 
jars ;  the  eye  of  the  needle  turning  to  the  North,  as 
the  point  before  had  done  3  that  end  of  the  needle 
which  the  fire  is  thrown  upon,  Mr.  K.  tells  me  always 
points  to  the  North. 

The  electrical  fire  paffing  through  air  has  the  fame 
crooked  direction  as  lightning.  *  This  appearance  I 
endeavour  to  account  for  thus  :  Air  is  an  eleCtric  per fe> 
therefore  there  mult  be  a  mutual  repulfion  betwixt  air 
and  the  eleCtrical  fire.  A  column  or  cylinder  of  air 
having  the  diameter  of  its  bafe  equal  to  the  diameter 
of  the  eleCtrical  fpark,  intervenes  that  part  of  the 
body  which  the  fpark  is  taken  from,  and  of  the  body 
it  aims  at.  The  fpark  acts  upon  this  column,  and  is 
acted  upon  by  it,  more  itrongly  than  any  other  neigh¬ 
bouring  portion  of  air. 

The  column  being  thus  aCted  upon,  becomes  more 
denfe,  and  being  more  denfe,  repels  the  fpark  more 
ftrongly  ;  its  repellency  being  in  proportion  to  its 

*  This  is  moft  eafilv  obferved  in  large  ftrong  (parks  taken  at  fome 
inches  diftance. 

denfity  : 
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denfity :  Having  acquired,  by  being  condenfed,  a  de¬ 
gree  of  repellency  greater  than  its  natural,  it  turns 
the  fpark  out  of  its  ftrait  courfe  ;  the  neighbouring 
air  which  niuft  be  lefs  denfe,  and  therefore  has  a 
fmaller  degree  of  repellency,  giving  it  a  more  ready 
paffage.  .  , 

The  fpark  having  taken  a  new  diredtion,  muft  now 
adl  on,  or  moft  ftrongly  repel  the  column  of  air  which 
lies  in  that  diredtion,  and  confequently  muft  condenfe 
that  column  in  the  fame  manner  as  the  former,  when 
the  fpark  muft  again  change  its  courfe,  which  courfe 
will  be  thus  repeatedly  changed,  till  the  fpark  reaches 
the  body  that  attracted  it. 

To  this  account  one  objection  occurs;  that  as  air 
is  very  fluid  and  elaftic,  and  fo  endeavours  to  diffufe 
itfelf  equally,  the  fuppofed  accumulated  air  within  the 
column  aforefaid,  would  be  immediately  diffufed  among 
the  contiguous  air,  and  circulate  to  fill  the  fpace  it 
was  driven  from  ;  and  confequently  that  the  faid  co¬ 
lumn,  on  the  greater  denfity  of  which  the  pheno¬ 
menon  is  fuppofed  to  depend,  would  not  repel  the 
fpark  more  ftrongly  than  the  neighbouring  air. 

This  might  be  an  objection,  if  the  eledtrical  fire  was 
as  fluggifh  and  inactive  as  air.  Air  takes  a  fenfible 
time  to  diffufe  itfelf  equally,  as  is  manifeft  from 
winds  which  often  blow  for  a  confiderable  time  to¬ 
gether  from  the  fame  point,  and  with  a  velocity  even 
in  the  greateft  ftorms,  not  exceeding,  as  it  is  faid, 
fixty  miles  an  hour :  But  the  eledhric  fire  feems  pro¬ 
pagated  inftantaneoufly,  taking  up  no  perceptible  time 

in 
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in  going  very  great  diftances.  It  mud  then  be  an  in¬ 
conceivably  fhort  time  in  its  progrefs  from  an  electri¬ 
fied  to  an  uneleCtrified  body,  which,  in  the  prefent 
cafe,  can  be  but  a  few  inches  apart :  But  this  fmail 
portion  of  time  is  not  fufficient  for  the  elasticity  of 
the  air  to  exert  itfelf,  and  therefore  the  column  afore- 
faid  mud  be  in  a  denfer  ftate  than  its  neighbouring  air. 

About  the  velocity  of  the  eleCtric  fire  more  is  laid 
below,  which  perhaps  may  more  fully  obviate  this  ob¬ 
jection.  But  let  us  have  recourfe  to  experiments.  Ex¬ 
periments  will  obviate  all  objections,  or  confound  the 
hypothefis.  The  eleCtric  fpark,  if  the  foregoing  be 
true,  will  pafs  through  a  vacuum  in  aright  line.  To 
try  this,  let  a  wire  be  fixed  perpendicularly  on  the  plate 
of  an  air  pump,  having  a  leaden  ball  on  its  upper 
end  ;  let  another  wire  palling  through  the  top  of  a 
receiver,  have  on  each  end  a  leaden  ball ;  let  the  leaden 
balls  within  the  receiver,  when  put  on  the  air  pump, 
be  within  two  or  three  inches  of  each  other:  The  re¬ 
ceiver  being  exhaufted,  the  fpark  given  from  a  charged 
vial  to  the  upper  wire,  will  pafs  through  rarified  air, 
nearly  approaching  to  a  vacuum,  to  the  lower  wire, 
and  1  fuppofe  in  a  right  line,  or  nearly  fo ;  the  fmail 
portion  of  air  remaining  in  the  receiver,  which  can¬ 
not  be  entirely  exhaufted,  may  pollibly  caufe  it  to  de¬ 
viate  a  little,  but  perhaps  not  fenfibly,  from  a  right 
line.  The  fpark  alfo  might  be  made  to  pafs  through 
air  greatly  condenfed,  which  perhaps  would  give  a  ftiil 
more  crooked  direction.  I  have  not  had  opportunity 
to  make  any  experiments  of  this  fort,  not  knowing  of 
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an  air  pump  nearer  than  Cambridge ,  but  you  can  eafily 
make  them.  If  thefe  experiments  anfwer,  I  think  the 
crooked  direction  of  lightning  will  be  aifo  accounted 
for.  :  -  ll  •' 

With  refpedt  to  your  Letters  on  Eledtricity,  f  *  * 
*  *  *  #  *  *  %  *  Your  hy- 

pothefis  in  particular  for  explaining  the  phenomena  of 
lightning  is  very  ingenious.  That  fome  clouds  are 
highly  charged  with  electrical  fire,  and  that  their  com¬ 
municating  it  to  thofe  that  have  lefs,  to  mountains 
and  other  eminencies,  makes  it  vifible  and  audible, 
when  it  is  denominated  lightning  and  thunder,  is 
highly  probable :  But  that  the  fea,  which  you  fuppofe 
the  grand  fource  of  it,  can  collect  it,  I  think  admits 
of  a  doubt :  For  though  the  fea  be  compofed  of  fait 
and  water,  an  electric  per  fe  and  non-eledtric,  and 
though  the  fridtion  of  eledtrics  per  fe  and  non-eledtrics, 
will  colledt  that  fire,  yet  it  is  only  under  certain  cir- 
cumftances,  which  water  will  not  admit.  For  it  feems 
neceffary,  that  the  electrics  per  fe  and  non-eledtrics 
rubbing  one  another,  fhould  be  of  fuch  fubitances  as 
will  not  adhere  to,  or  incorporate  with  each  other. 
Thus  a  glafs  or-  fulphur  fphere  turned  in  water,  and 
fo  a  friction  between  them,  will  not  colledt  any  fire ; 
nor,  I  fuppofe,  would  a  fphere  of  fait  revolving  in 
water ;  the  water  adhering  to,  or  incorporating  with 
thofe  eledtrics  per  fe .  But  granting  that  the  fridtion 
betv/een  fait  and  water  would  colledt  the  eledtrical  fire, 
that  fire,  being  fo  extremely  fubtil  and  adtive,  would 
be  immediately  communicated,  either  to  thofe  lower 
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parts  of  the  fea  from  which  it  was  drawn,  and  fo  only 
perform  quick  revolutions ;  or  be  communicated  to 
the  adjacent  illands  or  continent,  and  fo  be  diffufed 
inftantaneoufly  through  the  general  mafs  of  the  earth. 
I  fay  inftantaneoufly,  for  the  greateft  diftances  we  can 
conceive  within  the  limits  of  our  globe,  even  that  of 
the  two  moft  oppofxte  points,  it  will  take  no  fenfible 
time  in  palling  through  :  And  therefore  it  feems  a  little 
difficult  to  conceive  how  there  can  be  any  accumula¬ 
tion  of  the  electrical  fire  upon  the  furface  of  the  fea, 
or  how  the  vapours  arifing  from  the  lea,  fhould  have 
a  greater  fhare  of  that  fire  than  other  vapours. 

That  the  progrefs  of  the  eledtrical  fire  is  fo  ama¬ 
zingly  fwift,  feems  evident  from  an  experiment  you 
yourfelf  (not  out  of  choice)  made,  when  two  or  three 
large  glafs  jars  were  difeharged  through  your  body. 
You  neither  heard  the  crack,  was  fenfible  of  the  ftroke, 
nor,  which  is  more  extraordinary,  faw  the  light ;  which 
gave  you  juft  reafon  to  conclude,  that  it  was  fwifter 
than  found,  than  animal  fenfation,  and  even  light  it- 
felf.  Now  light,  (as  aftronomers  have  demonftrated) 
is  about  fix  minutes  palling  from  the  fun  to  the  earth ; 
a  diftance,  they  fay,  of  more  than  eighty  millions  of 
miles.  The  greateft  rectilinear  diftance  within  the 
compafs  of  the  earth,  is  about  eight  thoufand  miles, 
equal  to  its  diameter.  Suppofing  then,  that  the  velo¬ 
city  of  the  electric  fire  be  the  fame  as  that  of  light, 
it  will  go  through  a  fpace  equal  to  the  earth’s  diameter 
in  about  -h  of  one  fecond  of  a  minute.  It  feems  in¬ 
conceivable  then,  that  it  fhould  be  accumulated  upon 
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the  fea,  in  its  prefent  ftate,  which,  as  it  is  a  non¬ 
electric,  muft  give  the  fire  an  inftantaneous  pafiage  to 
the  neighbouring  fhores,  and  they  convey  it  to  the 
general  mats  of  the  earth.  But  fuch  accumulation 
feems  (till  more  inconceivable  when  the  eleftrical  fire 
has  but  a  few  feet  depth  of  water  to  penetrate,  to  re¬ 
turn  to  the  place,  from  whence  it  is  fuppofed  to  be 
collected. 

Your  thoughts  upon  thefe  remarks  I  fhall  receive 
with  a  great  deal  of  pleafure.,  I  take  notice  that  in 
the  printed  copies  of  your  letters  feveral  things  are 
wanting  which  are  in  the  manufcript  you  fent  me. 
I  underftand  by  your  fon,  that  you  had  writ,  or  was 
writing,  a  paper  on  the  effebl  of  the  eledlrical  fire  on 
loadftones,  needles,  &c.  which  I  would  afk  the  favour 
of  a  copy  of,  as  well  as  of  any  other  papers  on  Elec¬ 
tricity,  written  fince  I  had  the  manufcript,  for  which 
I  repeat  my  obligations  to  you. 

I  am ,  &c. 


J.  B. 

i  • 
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LETTER  XIV. 

FROM 

\ 

Benj.  Franklin,  Efq-,  of  Philadelphia. 

•  » 

SIR,  Philadelphia,  Jan.  24,  1752. 

Read  at  the  Royal  y  AM  dad  to  learn,  by  your  favour  of 

Society  Mayzj,  |  °  J 

1756.  X  the  2 1  ft  pall,  that  Mr.  Kinnerjley  s  lec¬ 

tures  have  been  acceptable  to  the  gentlemen  of  Bojlon, 
and  are  likely  to  prove  ferviceable  to  himfelf.  I  thank 
you  for  the  countenance  and  encouragement  you  have 
fo  kindly  afforded  my  fellow-citizen. 

I  fend  you  enclofed  an  extract  of  a  letter  containing 
the  fubftance  of  what  I  obferved  concerning  the  com¬ 
munication  of  magnetifm  to  needles  by  eiedlricity.  The 
minutes  I  took  at  the  time  of  the  experiments,  are 
miflaid.  I  am  very  little  acquainted  with  the  nature 
of  magnetifm.  Dr.  Gawin  Knight ,  inventor  of  the 
Iteel  magnets,  has  wrote  largely  on  that  fubjecl,  but 
I  have  not  yet  had  leifure  to  perufe  his  writings  with 
the  attention  necelfary  to  become  mailer  of  his  doc¬ 
trine. 


Your 
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Your  explication  of  the  crooked  diredtion  of  light¬ 
ning,  appears  to  me  both  ingenious  and  folid.  When 
we  can  account  as  fatisfadtorily  for  the  eledlrification 
of  clouds,  I  think  that  branch  of  Natural  Philofophy 
will  be  nearly  compleat. 

The  air,  undoubtedly,  obfirudts  the  motion  of  the 
eledlric  fluid.  Dry  air  prevents  the  diflipation  of  an 
eledlric  atmofphere,  the  denfer  the  more,  as  in  cold 
weather.  I  queftion  whether  fuch  an  atmofphere  can 
be  retained  by  a  body  in  vacuo .  A  common  eledlrical 
vial  requires  a  non-electric  communication  from  the 
wire  to  every  part  of  the  charged  glafs  5  otherwife, 
being  dry  and  clean,  and  filled  with  air  only,  it  charges 
flowly,  and  difcharges  gradually,  by  fparks,  without 
a  fhock :  But,  exhaufted  of  air,  the  communication  is 
lb  open  and  free  between  the  inferted  wire  and  furface 
of  the  glafs,  that  it  charges  as  readily,  and  Blocks  as 
fmartly  as  if  filled  with  water:  And  I  doubt  not,  but 
that  in  the  experiment  you  propofe,  the  fparks  would 
not  only  be  near  ftrait  in  vacuoy  but  ftrike  at  a  greater 
diftance  than  in  the  open  air,  though  perhaps  there 
would  not  be  a  loud  explofion.  As  foon  as  I  have  a 
'  little  leifure,  I  will  make  the  experiment,  and  fend  you 
the  refill t. 

My  fuppofition  that  the  fea  might  poffibly  be  the 
grand  fource  of  lightning,  arofe  from  the  common 
obfervation  of  its  luminous  appearance  in  the  night, 
on  the  lead:  motion  ;  an  appearance  never  obferved  in 
frefh  water.  Then  I  knew  that  the  electric  fluid  may 
be  pumped  up  out  of  the  earth,  by  the  fridlion  of  a 
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glafs  globe,  on  a  non-eleftric  cufhion  ;  and  that,  not- 
withftanding  the  furprifing  activity  and  fwiftnefs  of 
that  fluid,  and  the  non-eleftric  communication  between 
all  parts  of  the  cufhion  and  the  earth,  yet  quantities 
would  be  fnatched  up  by  the  revolving  furface  of  the 
globe,  thrown  on  the  prime-conduftor,  and  diflipated 
in  air.  How  this  was  done,  and  why  that  fubtile 
aftive  fpirit  did  not  immediately  return  again  from  the 
globe,  into  fome  part  or  other  of  the  cufhion,  and  fo 
into  the  earth,  was  difficult  to  conceive  ;  but  whether 
from  its  being  oppofed  by  a  current  fetting  upwards 
to  the  cufhion,  or  from  whatever  other  caufe,  that  it  did 
not  fo  return  was  an  evident  faff.  Then  I  confidered 
the  feparate  particles  of  water  as  fo  many  hard  fphe- 
rules,  capable  of  touching  the  fait  only  in  points,  and 
imagined  a  particle  of  fait  could  therefore  no  more  be 
wet  by  a  particle  of  water,  than  a  globe  by  a  cufhion ; 
that  there  might  therefore  be  fuch  a  frihtion  between 
thefe  originally  conftituent  particles  of  fait  and  water, 
as  in  a  fea  of  globes  and  cufhions ;  that  each  particle 
of  water  on  the  furface  might  obtain  from  the  com¬ 
mon  mafs,  fome  particles  of  the  univerfally  diffufed, 
much  finer,  and  more  fubtil  eleftric  fluid,  and  form¬ 
ing  to  itfelf  an  atmofphere  of  thofe  particles,  be  re¬ 
pelled  from  the  then  generally  eleftrified  furface  of  the 
fea,  and  fly  away  with  them  into  the  air.  I  thought 
too,  that  pofflbly  the  great  mixture  of  particles  electric 
per  fe,  in  the  ocean  water,  might,  in  fome  degree,  im¬ 
pede  the  fwift  motion  and  diflipation  of  the  eleftric 
fluid  through  it  to  the  fhores,  &c. — But  having  Tince 
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found  that  fait  in  the  water  of  an  electric  phial,  does 
not  leflen  the  {hock  ;  and  having  endeavoured  in  vain 
to  produce  that  luminous  appearance  from  a  mixture 
of  fait  and  water  agitated ;  and  obferved,  that  even 
the  fea  water  will  not  produce  it  after  fome  hours 
{landing  in  a  bottle ;  I  fufpeft  it  to  proceed  from  fome 
principle  yet  unknown  to  us  (which  I  would  gladly 
make  fome  experiments  to  difcover,  if  I  lived  near  the 
fea)  and  I  grow  more  doubtful  of  my  former  fuppofi- 
tion,  and  more  ready  to  allow  weight  to  that  objection 
(drawn  from  the  activity  of  the  electric  fluid,  and  the 
readinefs  of  water  to  conduct)  which  you  have  indeed 
ftated  with  great  ftrength  and  clearnefs. 

In  the  mean  time,  before  we  part  with  this  hypothe- 
fis,  let  us  think  what  to  fubftitule  in  its  place.  I  have 
fometimes  queried,  Whether  the  friction  of  the  air,  an 
eleCtric  per  /f,  in  violent  winds,  among  trees,  and 
againfl  the  furface  of  the  earth,  might  not  pump  up, 
as  fo  many  glafs  globes,  quantities  of  the  electric 
fluid,  which  the  riflng  vapours  might  receive  from  the 
air,  and  retain  in  the  clouds  they  form  ?  on  which  I 
fliould  be  glad  to  have  your  fentiments.  An  ingenious 
friend  of  mine  fuppofes  the  land  clouds  more  likely  to 
be  electrified  than  the  fea  clouds.  I  fend  his  letter  for 
your  perufal,  which  pleafe  to  return  me. 

I  have  wrote  nothing  lately  on  electricity,  nor*  ob¬ 
ferved  any  thing  new  that  is  material,  my  time  being 
much  taken  up  with  other  affairs.  Yefterday*  I  dis¬ 
charged  four  jars  through  a  fine  wire,  tied  up  between 
two  {trips  of  glafs ;  The  wire  was  in  part  melted,  and 
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the  reft  broke  into  fmall  pieces,  from  half  an  inch 
long,  to  half  a  quarter  of  an  inch.  My  globe  raifes 
the  eleftric  fire  with  greater  eafe,  in  much  greater 
quantities,  by  the  means  of  a  wire  extended  from  the 
cufhion,  to  the  iron  pin  of  a  pump  handle  behind  my 
houfe,  which  communicates  by  the  pump  fbear  with 
the  water  in  the  well. 

By  this  poft  I  fend  to  *  *  *,  who  is  curious  in  that 
way,  fome  meteorological  obfervations  and  conjeftures, 
and  defire  him  to  communicate  them  to  you,  as  they 
may  afford  you  fome  amufement,  and  I  know  you  will 
look  over  them  with  a  candid  eye.  By  throwing  our 
occafional  thoughts  on  paper,  we  more  readily  difcover 
the  defefts  of  our  opinions,  or  we  digeft  them  better, 
and  find  new  arguments  to  fupport  them.  This  I 
fometimes  practice ;  but  fuch  pieces  are  fit  only  to  be 
feen  by  friends. 

I  am ,  &c. 

B.  FRANKLIN. 

* 
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LETTER  XV. 

FROM 

J.  B.  Efq.  at  Bo (l on y 

T  O 

i  . 

Benjamin  Franklin,  Efq;  at  Philadelphia . 

i 

SIR ,  Bojion^  March  2,  1752. 

Read  at  the  Royal  y  Have  received  your  favour  of  the  24th 

Society,  June  3,  g  j  * 

1756.  JL  of  January  paft,  inclofing  an  extraft 

from  your  letter  to  Mr.  Collinfon ,  and  *  *  * ’s  letter  to 
yourfelf,  which  I  have  read  with  a  great  deal  of  plea- 
fure,  and  am  much  obliged  to  you  for.  Your  extraCt 
confirms  a  correction  Mr.  Kinnerjley  made  a  few  days 
ago,  of  a  miftake  I  was  under  refpefting  the  polarity 
given  to  needles  by  the  eleftrical  fire,  C£  that  the  end 
<c  which  receives  the  fire  always  points  North  ;  and, 
“  that  the  needle  being  fituated  Eaft  and  Weft,  will  not 
“  have  a  polar  direction.”  You  find,  however,  the 
polarity  ftrongeft  when  the  needle  is  fhocked  lying 
North  and  South;  weakeft  when  lying  Eaft  and  Weft; 
which  makes  it  probable  that  the  communicated  mag- 
netifm  is  lefs,  as  the  needle  varies  from  a  North  and 

South 
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South  fituation.  As  to  the  needle  of  Capt.  JVaddel s 
compafs,  if  its  polarity  was  reverfed  by  the  lightning, 
the  effedt  of  lightning  and  ele&ricity,  in  regard  or 
that,  feems  diffimilar ;  for  a  magnetic  needle,  in  a 
North  and  South  fituation  (as  the  compafs  needle  was) 
inftead  of  having  its  power  reverfed,  or  even  dimi- 
nifhed,  would  have  it  confirmed  or  increifed  by  the 
eledtric  fire.  But  perhaps  the  lightning  communicated 
to  fome  nails  in  the  binnacle  (where  the  compais  is 
placed)  the  magnetic  virtue,  which  might  difturb  the 
compafs. 

This  I  have  heard  was  the  cafe ;  if  fo,  the  feeming 
diflimilarity  vanifhes :  But  this  remarkable  circumstance 
(if  it  took  place)  I  Should  think  would  not  be  omitted 
in  Capt.  Waddel s  account. 

I  am  very  much  pleafed  that  the  explication  I  Sent 
you,  of  the  crooked  direction  of  lightning,  meets  with 
your  approbation. 

As  to  your  fuppofition  about  the  fource  of  light¬ 
ning,  the  luminous  appearance  of  the  fea  in  the  night, 
and  the  Similitude  between  the  friction  of  the  particles 
of  fait  and  water,  as  you  considered  them  in  their  ori¬ 
ginal  feparate  ftate,  and  the  fridtion  of  the  globe  and 
cufliion,  very  naturally  led  you  to  the  ocean,  as  the 
grand  fource  of  lightning :  But  the  activity  of  light¬ 
ning,  or  the  eledlric  element,  and  the  fitnefs  of  water 
to  condudt  it,  together  with  the  experiments  you  men¬ 
tion  of  fait  and  water,  feem  to  make  againft  it,  and  to 
prepare  the  way  for  fome  other  hypothefis.  Accordingly 
you  propofe  a  new  one,  wrhich  is  very  curious,  and  not  fo 
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liable,  1  think,  to  objections  as  the  former.  But  there  is 
not  as  yet,  I  believe,  a  fu-fficient.  variety  of  experiments 
to  eftablifh  any  theory,  though  this  feems  the  moil 
hopeful  of  any  I  have  heard  of. 

The  effeft  which  the  difcharge  of  your  four  glafs 
jars  had  upon  a  fine  wire,  tied  between  two  ftrips  of 
glafs,  puts  me  in  mind  of  a  very  fimiiar  one  of  light¬ 
ning,  that  I  obferved  at  New  York ,  0 Bober  1750,  a  few 
days  after  I  left  Philadelphia .  In  company  with  a  num¬ 
ber  of  gentlemen,  I  went  to  take  a  view  of  the  city  from 
the  Dutch  church  fteeple,  in  which  is  a  clock  about 
twenty  or  twenty-five  feet  below  the  bell.  From  the 
clock  went  a  wore  through  two  floors,  to  the  clock- 
hammer  near  the  bell,  the  holes  in  the  floor  for  the 
wire  being  perhaps  about  a  quarter  of  an  inch  diame¬ 
ter.  We  were  told,  that  in  the  fpring  of  1750,  the 
lightning  ftruck  the  clock-hammer,  and  defcended  along 
the  wire  to  the  clock,  melting  in  its  way  feveral  fpots 
of  the  wire,  from  three  to  nine  inches  long,  through 
one-third  of  its  fubftance,  till  coming  within  a  few 
feet  of  the  lower  end,  it  melted  the  wire  quite  through, 
in  feveral  places,  fo  that  it  fell  down  in  feveral  pieces ; 
which  fpots  and  pieces  we  faw.  When  it  got  to  the 
end  of  the  wire,  it  flew  off  to  the  hinge  of  a  door, 
fhattered  the  door,  and  diflipated.  In  its  paflage  thro’ 
the  holes  of  the  floors  it  did  not  do  the  leaft  damage, 
which  evidences  that  wire  is  a  good  conductor  of  light¬ 
ning  (as  it  is  of  eledlricity)  provided  it  be  lubftantial 
enough,  and  might,  in  this  cafe,  had  it  been  continued 
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to  the  earth,  have  conduced  it  without  damaging  the 
building  *. 

Your  information  about  your  globe’s  raifing  the 
eleftric  fire  in  greater  quantities,  by  means  of  a  wire 
extended  from  the  cufliion  to  the  earth,  will  enable 
me,  I  hope,  to  remedy  a  great  inconvenience  I  have 
been  under,  to  collect  the  fire  with  the  electrifying 
glafs  I  ufe,  which  is  fixed  in  a  very  dry  room,  three 
Itories  from  the  ground.  When- you  lend  your  me¬ 
teorological  obfervations  to  *  *  *  *,  I  hope  I  fhall 
have  the  pleafure  of  feeing  them. 

•  I  am ,  &c . 


J.  B. 

4 

*  The  wire  mentioned  in  this  account  was  re- placed  by  a  fmall  brafs 
chain.  In  the  fummer  of  1763,  the  lightning  again  flruck  that  fteeple, 
and  from  the  clock-hammer  near  the  bell,  it  purfued  the  chain  as  it  had  be¬ 
fore  done  the  wire,  went  off  to  the  fame  hinge,  and  again  fhattered  the 
fame  door.  In  its  paffage  through  the  fame  holes  of  the  fame  floors,  it  did 
no  damage  to  -  he  floors,  nor  to  the  building  during  the  whole  extent  of  the 
chain.  But  the  chain  itfelf  was  deftroyed,  being  partly  fcattered  about  in 
fragments  of  two  or  three  links  melted  and  ftuck  together,  and  partly  blown 
up  or  reduced  to  fmoke,  and  diflipated. — [See  an  account  of  the  fame  effedl 
of  lightning  on  a  wire  at  Newbery ,  p.  170  ]  The  fleeple,  when  repaired, 
was  guarded  by  an  iron  condu&or,  or  rod,  extending  from  the  foot  of  the 
vane-fpindle  down  to  the  outfide  of  the  building,  into  the  earth. — The 
news-papers  have  mentioned,  that  in  1765,  the  lightning  fell  a  third  time 
on  the  fame  fleeple,  and  was  fafely  conducted  by  the  rod  ;  but  the  particu¬ 
lars  are  not  come  to  hand. 
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Phyjical  and  Meteorological  Obfervations ,  Con - 
jeElures ,  and  Suppositions  ;  by  B.  F. 

saocietyhe>«°/3al  ^  B  particles  of  air  are  kept  at  a 

1756.  JL  diftance  from  each  other  by  their 

mutual  repul'fion. 

Every  three  particles,  mutually  and  equally  repel¬ 
ling  each  other,  muft  form  an  equilateral  triangle. 

All  the  particles  of  air  gravitate  towards  the  earth, 
which  gravitation  compreffes  them,  and  fhortens  the 
fides  of  the  triangles,  otherwife  their  mutual  repel- 
lency  would  force  them  to  greater  diftances  from  each 
other. 

Whatever  particles  of  other  matter,  (not  endued 
with  that  repellency)  are  fupported  in  air,  muft  adhere 
to  the  particles  of  air,  and  be  fupported  by  them \  for 
in  the  vacancies  there  is  nothing  they  can  reft  on. 

Air  and  water  mutually  attradl  each  other.  Hence 
water  will  diffolve  in  air,  as  fait  in  water. 

The  fpecific  gravity  of  matter  is  not  altered  by  di¬ 
viding  the  matter,  though  the  fuperficies  be  .increafed. 
Sixteen  leaden  bullets,  of  an  ounce  each,  weigh  as 
much  in  water  as  one  of  a  pound,  whofe  fuperficies 
is  lefts. 

Therefore  the  fupporting  of  fait  in  water  is  not 
owing  to  its  fuperficies  being  increafed. 

A  lump  of  fait,  though  laid  at  reft  at  the  bottom 
of  a  veffel  of  water,  will  diffolve  therein,  and  its  parts 
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move  every  way,  till  equally  diffufed  in  the  water ; 
therefore  there  is  a  mutual  attraction  between  water 
and  fait.  Every  particle  of  water  afiumes  as  many  of 
fait  as  can  adhere  to  it ;  when  more  is  added,  it  pre¬ 
cipitates,  and  will  not  remain  fufpended. 

Water,  in  the  fame  manner,  will  diffolve  in  air, 
every  particle  of  air  affuming  one  or  more  particles 
of  water.  When  too  much  is  added,  it  precipitates 
in  rain. 

But  there  not  being  the  fame  contiguity"  between 
the  particles  of  air  as  of  water,  the  folution  of  water 
in  air  is  not  carried  on  without  a  motion  of  the  air, 
fo  as  to  caufe  a  frefh  accefiion  of  dry  particles. 

Part  of  a  fluid,  having  more  of  what  it  diflolves, 
will  communicate  to  other  parts  that  have  lefs.  Thus 
very  fait  water  coming  in  contadt  with  frefh,  commu¬ 
nicates  its  faltnefs  till  all  is  equal,  and  the  fooner  if 
there  is  a  little  motion  of  the  water. 

Even  earth  will  diffolve,  or  mix  with  air.  A  ftroke 
of  a  horfe’s  hoof  on  the  ground,  in  a  hot  dufty  road, 
will  raife  a  cloud  of  duft,  that  fhall,  if  there  be  a 
light  breeze,  expand  every  way,  till,  perhaps,  near  as 
big  as  a  common  houfe.  It  is  not  by  mechanical  mo¬ 
tion  communicated  to  the  particles  of  duft  by  the  hoof, 
that  they  fly  fo  far,  nor  by  the  wind  that  they  fpread 
fo  wide :  But  the  air  near  the  ground,  more  heated  by 
the  hot  duft  ftruck  into  it,  is  rarified  and  rifes,  and  in 
riling  mixes  with  the  cooler  air,  and  communicates  of 
its  duft  to  it,  and  it  is  at  length  fo  diffufed  as  to  be¬ 
come  invifible.  Quantities  of  duft  are  thus  carried  up 
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in  dry  feafons :  Showers  wafh  it  from  the  air,  and 
bring  it  down  again.  For  water  attracting  it  ftronger, 
it  quits  the  air,  and  adheres  to  the  water. 

Air  differing  continual  changes  in  the  degrees  of  its 
heat,  from  various  caufes  and  circumftances,  and,  con- 
fequently,  changes  in  its  fpecific  gravity,  muff  there¬ 
fore  be  in  continual  motion. 

A  fmall  quantity  of  fire  mixed  with  water  (or  degree 
of  heat  therein)  fo  weakens  the  cohefion  of  its  parti¬ 
cles,  that  thole  on  the  furface  eafily  quit  it,  and  ad¬ 
here  to  the  particles  of  air. 

A  greater  degree  of  heat  is  required  to  break  the 
cohefion  between  water  and  air. 

Air  moderately  heated,  will  fupport  a  greater  quan¬ 
tity  of  water  invifib'ly  than  cold  air  5  for  its  particles 
being  by  heat  repelled  to  a  greater  diftance  from  each 
other,  thereby  more  eafily  keep  the  particles  of  water 
that  are  annexed  to  them  from  running  into  cohefions 
that  would  obftrpcf,  refract,  or  reflect  the  light. 

Hence  when  we  breathe  in  warm  air,  though  the 
fame  quantity  of  moifture  may  be  taken  up  from  the 
lungs,  as  when  we  breathe  in  cold  air,  yet  that  moif¬ 
ture  is  not  fo  vifible. 

Water  being  extremely  heated,  i.  e.  to  the  degree  of 
boiling,  its  particles  in  quitting  it  fo  repel  each  other, 
as  to  take  up  vaftly  more  fpace  than  before,  and  by 
that  repellency  fupport  themfelves,  expelling  the  air 
from  the  fpace  they  occupv.  That  degree  of  heat  be¬ 
ing  leffened,  they  again  mutually  attraft,  and  having 
no  air-particles  mixed  to  adhere  to,  by  which  ■  they 
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might  be  fupported  and  kept  at  a  diftance,  they  in- 
ftantly  fall,  coalefce,  and  become  water  again. 

The  water  commonly  diffufed  in  our  atmofphere, 
never  receives  fuch  a  degree  of  heat  from  the  fun,  or 
other  caufe,  as  water  has  when  boiling;  it  is  not, 
therefore,  fupported  by  luch  heat,  but  by  adhering 
to  air. 

Water  being  diffolved  in,  and  adhering  to  air,  that 
air  will  not  readily  take  up  oil,  becaufe  of  the  mutual 
repellency  between  water  and  oik 

Hence  cold  oils  evaporate  but  flowly,  the  air  having 
generally  a  quantity  of  diffolved  water. 

Oil  being  heated  extremely,  the  air  that  approaches 
its  furface  will  be  alfo  heated  extremely ;  the  water 
then  quitting  it,  it  will  attract  and  carry  off  oil, 
which  can  now  adhere  to  it.  Hencfc  the  quick  eva¬ 
poration  of  oil  heated  to  a  great  degree. 

Oil  being  diffolved  in  air,  the  particles  to  which 
it  adheres  will  not  take  up  water. 

Hence  the  fuffocating  nature  of  air  impregnated 
with  burnt  greafe,  as  from  fnuffs  of  candles,  and  the 
like.  A  certain  quantity  of  moifture  fhould  be  every" 
moment  difeharged  and  taken  away  from  the  lungs  ; 
air  that  has  been  frequently  breathed,  is  already  over¬ 
loaded,  and,  for  that  reafon,  can  take  no  more,  fo 
will  not  anfwer  the  end.  Greafy  air  refufes  to  touch 
it.  In  both  cafes  fuffocation  for  want  of  the  difeharge. 

Air  will  attraft  and  fupport  many  other  fubftanoes. 

A  particle  of  air  loaded  with  adhering  water,  or  any 
other  matter,  is  heavier  than  before  and  would  defeend. 

C  c  The 
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The  atmofphere  fuppofed  at  reft,  a  loaded  defend¬ 
ing  particle  muft  aft  with  a  force  on  the  particles  it 
pafies  between,  or  meets  with,  fufficient  to  overcome^, 
in  fome  degree,  their  mutual  repeilency,  and  pufh 
them  nearer  to  each  other. 

O  O  O  Thus,  fuppofmg  the  particles  ABC D, 
f  b  c  g  and  the  others  near  them,  to  be  at  the 

O  O  O  O  diftance  caufed  by  their  mutual  repel- 
O  o  O  lency  (confined  by  their  common  gravity) 
D  if  A  would  defcend  to,  B,  it  muft  pafs 

®  E  between  B  and  C ;  when  it  comes  be¬ 

tween  B  and  C  it  will  be  nearer  to  them  than  before, 
and  muft  either  have  pufhed  them  nearer  to  F  and  G, 
contrary  to  their  mutual  repeilency,  or  pafs  through 
by  a  force  exceeding  its  repeilency  with  them.  It  then 
approaches  D,  and,  to  move  it  out  of  the  way,  muft 
aft  on  it  with  a  force  fufficient  to  overcome  its  repel- - 
lency  with  the  two  next  lower  particles,  by  which  it 
is  kept  in  its  prefent  fituation. 

Every  particle  of  air,  therefore,  will  bear  any  load 
inferior  to  the  force  of  thefe  repulfions. 

Hence  the  fupport  of  fogs,  mifts,  clouds. 

Very  warm  air,  clear,  though  fupporting  a  very 
great  quantity  of  moifture,  will  grow  turbid  and 
cloudy  on  the  mixture  of  a  colder  air,  as  foggy  turbid 
air  will  grow  clear  by  warming. 

Thus  the  fun  fhining  on  a  morning  fog,  diffipates 
it *  clouds  are  feen  to  wafte  in  a  fun-fhiny  day. 

But  cold  condenfes  and  renders  vifible  the  vapour*, 
a  tankard  or  decanter  filled  with  cold  water,  will 

condenfe, 


condenfe  the  moifture  of  warm  clear  air  on  its  outfide, 
where  it  becomes  vifible  as  dew,  coalefces  into  drops, 
defcends  in  little  ftreams. 

The  fun  heats  the  air  of  our  atmofphere  moft  near 
the  furface  of  the  earth;  for  there,  befides  the  direft 
rays,  there  are  many  reflections.  Moreover,  the  earth 
itfelf  being  heated,  communicates  of  its  heat  to  the 
neighbouring  air. 

The  higher  regions  having  only  the  direft  rays  of 
the  fun  palling  through  them,  are  comparatively  very 
cold.  Hence  the  cold  air  on  the  tops  of  mountains, 
and  fnow  on  fome  of  them  all  the  year,  even  in  the 
torrid  zone.  Hence  hail  in  lummer. 

If  the  atmofphere  were,  all  of  it  (both  above  and 
below)  always  of  the  fame  temper  as  to  cold  or  heat, 
then  the  upper  air  would  always  be  rarer  than  the 
lower,  becaufe  the  preflure  on  it  is  lefs ;  confequently 
lighter,  and  therefore  would  keep  its  place. 

But  the  upper  air  may  be  more  condenfed  by  cold 
than  the  lower  air  by  preflure ;  the  lower  more  ex¬ 
panded  by  heat,  than  the  upper  for  want  of  preflure. 
In  fuch  cafe  the  upper  air  will  become  the  heavier, 
the  lower  the  lighter. 

The  lower  region  of  air  being  heated  and  expanded, 
heaves  up,  and  fupports  for  fome  time  the  colder 
heavier  air  above,  and  will  continue  to  fupport  it 
while  the  equilibrium  is  kept.  Thus  water  is  fup- 
ported  in  an  inverted  open  glafs,  while  the  equilibrium 
is  maintained  by  the  equal  preflure  upwards  of  the  air 
below;  but  the  equilibrium  by  any  means  breaking, 
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the  water  defends  on  the  heavier  fide,  and  the  air 
rifes  into  its  place. 

The  lifted  heavy  cold  air  over  a  heated  country,  be¬ 
coming  by  any  means  unequally  fupported,  or  unequal 
in  its  weight,  the  heavieft  part  defends  firft,  and  the 
reft  follows  impetuoufty.  Hence  gufts  after  heats, 
and  hurricanes  in  hot  climates.  Hence  the  air  of 
gufts  and  hurricanes  cold,  though  in  hot  climes  and 
feafons  ;  it  coming  from  above. 

The  cold  air  defcending  from  above,  as  it  penetrates 
our  warm  region  full  of  watry  particles,  condenfes 
them,  renders  them  vifible,  forms  a  cloud  thick  and 
dark,  overcafting  fometimes,  at  once,  large  and  extern- 
five;  fometimes,  when  fen  at  adiftance,  fmall  at  firft, 
gradually  increafing;  the  cold  edge,  or  furface, .of  the 
cloud,  condenfing  the  vapours  next  it,  which  form 
fmaller  clouds  that  join  it,  increafe  its  bulk,  it  defcends 
with  the  wind  and  its  acquired  weight,  draws,  nearer 
the  earth,  grows  denfer  with  continual  additions  of 
water,  and  difcharges  heavy  fhowers.. 

Small  black  clouds  thus  appearing  in  a  clear  fky,  in 
hot  climates,  portend  florins,  and  warn  feamen  to 
hand  their  fails. 

The  earth  turning  on  its  axis  in  about  twenty-four 
hours,  the  equatorial  parts  muft  move  about  fifteen 
miles  in  each  minute;  in  northern  and  fouthern  lati¬ 
tudes  this  motion  is  gradually  lefs  to  the  poles,  and 
there  nothing. 

If  there  was  a  general  calm  over  the  face  of  the 
globe,  it  muft  be  by  the  air’s  moving  in  every  part. as 
faft  as  the  earth  or  fea  it  covers. 
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He  that  fails,  or  rides,  has  infenfibly  the  fame  de¬ 
gree  of  motion  as  the  (hip  or  coach  with  which  he 
is  connected.  If  the  fhip  llrikes  the  fhore,  or  the 
coach  ftops  fuddenly,  the  motion  continuing  in  the 
man,  he  is  thrown  forward.  If  a  man  were  to  jump 
from  the  land  into  a  fwift  failing  fhip,  he  would  be 
thrown  backward  (or  towards  the  ftern)  not  having  at 
firft  the  motion  of  the  fhip. 

He  that  travels,  by  fea  or  land,  towards  the  equi¬ 
noctial,  gradually  acquires  motion;  from  it,  lofes. 

But  if  a  man  were  taken  up  from  latitude  40  (where 
fuppofe  the  earth’s  furface  to  move  twelve  miles  per 
minute)  and  immediately  fet  down  at  the  equinoctial* 
without  changing  the  motion  he  had,  his  heels  would 
be  ftruck  up,  he  would  fall  weftward.  If  taken  up 
from  the  equinoctial,  and  fet  down  in  latitude  40,  he 
would  fall  eaflward. 

'The  air  under  the  equator,,  and  between  the  tropics; 
being  conftantly  heated  and  ratified  by  the  fun,  rifes. 
Its  place  is  fupplied  by  air  from  Northern  and  Southern 
latitudes,  which  coming  from  parts  where  the  earth 
and  air  had  lefs  motion,  and  not  fuddenly  acquiring 
the  quicker  motion  of  the  equatorial  earth,  appears  an 
Eaft  wind  blowing  Weftward;  the  earth  moving  from 
Weft  to  Eaft,  and  flipping  under  the  air*. 

Thus,  when  we  ride  in  a  calm,  it  leems  a  wind 
againft  us :  if  we  ride  with  the  wind,  and  fafter,  even 
that  will  feem  a  fmall  wind  againft  us. 

*  See  a  paper  on  this  fubjecft,  by  the  late  ingenious  Mr.  Hadley ,  in  the 

Philofophical Tranfaftions ,  wherein  this  hypothefis  for  explaining  the  trade- 
winds  firft  appeared. 
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The  air  ratified  between  the  Tropics,  and  rifing, 
muft  flow  in  the  higher  region  North  and  South. 
Before  it  rofe,  it  had  acquired  the  greateft  motion  the 
earth’s  rotation  could  give  it.  It  retains  fome  degree 
of  this  motion,  and  defcending  in  higher  latitudes, 
where  the  earth’s  motion  is  lefs,  will  appear  a  Wefterly 
wind,  yet  tending  towards  the  equatorial  parts,  to 
fupply  the  vacancy  occafioned  by  the  air  of  the  lower 
regions  flowing  thitherwards. 

Hence  our  general  cold  winds  are  about  North  W eft, 
our  fummer  cold  gufts  the  fame. 

The  air  in  fultry  weather,  though  not  cloudy,  has 
a  kind  of  hazinefs  in  it,  which  makes  objefts  at  a  dis¬ 
tance  appear  dull  and  indiftinft.  This  hazinefs  is  oc¬ 
cafioned  by  the  great  quantity  of  moifture  equally  dif- 
fufed  in  that  air.  When,  by  the  cold  wind  blowing 
down  among  it,  it  is  condenfed  into  clouds,  and  falls 
in  rain,  the  air  becomes  purer  and  clearer.  Hence, 
after  gufts,  diftant  objefts  appear  diftinft,  their  figures 
fharply  terminated. 

Extream  cold  winds  congeal  the  furface  of  the 
earth;  by  carrying  off  its  fire.  Warm  winds  after¬ 
wards  blowing  over  that  frozen  furface  will  be  chilled 
by  it.  Could  that  frozen  furface  be  turned  under,  and 
a  warmer  turned  up  from  beneath  it,  thofe  warm  winds 
would  not  be  chilled  fo  much. 

The  furface  of  the  earth  is  alfo  fometimes  much 
heated  by  the  fun :  and  fuch  heated  furface  not  being 
changed,  heats  the  air  that  moves  over  it. 


Seas* 


Seas,  lakes,  and  great  bodies  of  water,  agitated  by 
the  winds,  continually  change  furfaces ;  the  cold  fur- 
face  in  winter  is  turned  under,  by  the  rolling  of  the 
waves,  and  a  warmer  turned  up ;  in  fummer,  the 
warm  is  turned  under,  and  colder  turned  up.  Hence 
the  more  equal  temper  of  fea-water,  and  the  air  over 
it.  Hence,  in  winter,  winds  from  the  fea  feem  warm, 
winds  from  the  land  cold.  In  fummer  the  contrary. 

Therefore  the  lakes  North-Weft  of  us  *,  as  they 
are  not  fo  much  frozen,  nor  fo  apt  to  freeze  as  the 
earth,  rather  moderate  than  increafe  the  coldnefs  of  our 
winter  winds. 

The  air  over  the  fea  being  warmer,  and  therefore 
lighter  in  winter  than  the  air  over  the  frozen  land, 
may  be  another  caufe  of  our  general  N.  W.  winds, 
which  blow  off  to  fea  at  right  angles  from  our  North - 
American  coaft.  The  warm  light  fea  air  rifing,  the 
heavy  cold  land  air  preffmg  into  its  place. 

Heavy  fluids  defcending,  frequently  form  eddies,  or 
whirlpools,  as  is  feen  in  a  funnel,  where  the  water  ac¬ 
quires  a  circular  motion,  receding  every  way  from  a 
center,  and  leaving  a  vacancy  in  the  middle,  greateft 
above,  and  leffening  downwards,  like  a  fpeaking  trum¬ 
pet,  its  big  end  upwards. 

Air  defcending,  or  afcending,  may  form  the  fame 
kind  of  eddies,  or  whirlings,  the  parts  of  air  acquiring 
a  circular  motion,  and  receding  from  the  middle  of 
the  circle  by  a  centrifugal  force,  and  leaving  there  a 
vacancy  5  if  defcending,  greateft  above,  and  leffening 
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downwards ;  if  afcending,  greateft  below,  and  leflen* 
ing  upwards  ;  like  a  fpeaking  trumpet,  Handing  its  big 
end  on  the  ground. 

When  the  air  defcends  with  violence  in  fome  places, 
it  may  rife  with  equal  violence  in  others,  and  form 
both  kinds  of  whirlwinds. 

The  air  in  its  whirling  motion  receding  every  way 
from  the  center  or  axis  of  the  trumpet,  leaves 
there  a  vacuum ;  which  cannot  be  filled  through  the 
fides,  the  whirling  air,  as  an  arch,  preventing ;  it  mu  ft 
then  prefs  in  at  the  open  ends. 

The  greateft  preflfure  inwards  muft  be  at  the  lower 
end,  the  greateft  weight  of  the  furrounding  atmofphere 
being  there.  The  air  entering,  rifes  within,  and  carries 
up  duft,  leaves,  and  even  heavier  bodies  that  happen 
in  its  way,  as  the  eddy,  or  whirl,  paffes  over  land. 

If  it  pafifes  over  water,  the  weight  of  the  furrounding 
atmofphere  forces  up  the  water  into  the  vacuity,  part 
of  which,  by  degrees,  joins  with  the  whirling  air,  and 
adding  weight,  and  "receiving  accelerated  motion,  re¬ 
cedes  ftill  farther  from  the  center  or  axis  of  the  trump, 

A  7 

as  the  preffure  lefiens  ;  and  at  laft,  as  the  trump  wi¬ 
dens,  is  broken  into  fmall  particles,  and  fo  united  with 
air  as  to  be  fupported  by  it,  and  become  black  clouds 
at  the  top  of  the  trump. 

Thus  thefe  eddies  may  be  whirlwinds  at  land,  water- 
fipouts  at  fea.  A  body  of  water  fo  railed,  may  be  fud- 
denly  let  fall,  when  the  motion,  &c.  has  not  ftrength 
to  fupport  it,  or  the  whirling  arch  is  broken  fo  as  to 
admit  the  air  5  falling  in  the  fea,  it  is  harmlefs,  unlefs 
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fhips  happen  under  it.  But  if  in  the  progreffive  mo¬ 
tion  of  the  whirl,  it  has  moved  from  the  fea,  over 
the  land,  and  there  breaks,  fudden,  violent,  and  mif- 
chievous  torrents  are  the  confequence. 


LETTER  XVI. 

From  Dr.  *  *  *  of  Bofton , 

T  O 

■Benj.  Franklin,  Efq\  of  Philadelphia . 

SIR,  Bofton,  Aug.  5,  1751. 

This  comes  to  you  on  account  of  Dr.  Douglas: 

He  defired  me  to  write  to  you  for  what  you 
know  of  the  number  that  died  of  the  inoculation  in 
Philadelphia,  telling  me  he  deligned  to  write  fomething 
on  the  fmall-pox  fhortly.  We  fhallboth  be  obliged 
to  you  for  a  word  on  this  affair. 

The  chief  particulars  of  our  vifitation,  you  have 
in  the  public  prints.  But  the  lefs  degree  of  mortality 
than  ufual  in  the  common  way  of  infection,  feems 
chiefly  owing  to  the  purging  method  defigned  to  pre¬ 
vent  the  fecondary  fever }  a  method  firft  begun  and 
•carried  on  in  this  town,  and  with  fuccefs  beyond  ex¬ 
pectation.  We  loft  one  in  1 1  £,  but  had  we  been  ex¬ 
perienced  in  this  way,  at  the  firft  coming  of  the  dif- 
temper,  probably  the  proportion  had  been  but  one  in 
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13  or  14.  In  the  year  1730  we  loft  one  in  nine,  which 
is  more  favourable  than  ever  before  with  us.  The 
diftemper  pretty  much  the  fame  then  as  now,  but 
fome  circumftances  not  fo  kind  this  time. 

If  there  be  any  particulars  which  you  want  to  know, 
pleafe  to  fignify  what  they  are,  and  I  fhall  fend  them. 

The  number  of  our  inhabitants  decreafes  *.  On  a 
ftrift  inquiry,  the  overfeers  of  the  poor  find  but 
14,190  Whites,  and  1,544  Blacks,  including  thofe  ab~ 
fent,  on  account  of  the  fmall-pox,  many  of  whom, 
it  is  probable,  will  never  return. 

I  pafs  this  opportunity  without  any  particulars  of 
my  old  theme.  One  thing,  however,  I  muft  men¬ 
tion,  which  is,  that  perhaps  my  laft  letters  contained 
fomething  that  feerned  to  militate  with  your  do&rine 
of  the  Origin ,  &c.  But  my  defign  was  only  to  relate 
the  phenomena  as  they  appeared  to  me.  I  have  re¬ 
ceived  fo  much  light  and  pleafure  from  your  writings, 
as  to  prejudice  me  in  favour  of  every  thing  from  your 
hand,  and  leave  me  only  liberty  to  obferve,  and  a 
power  of  diffenting  when  fome  great  probability  might 
oblige  me  :  And  if  at  any  time  that  be  the  cafe,  you 
will  certainly  hear  of  it.  , 

*  '•  *  ■  ..  i.  Vi..  #  -X  *  {  *  -■ ■  '  ’  '  a 

I:  am ,  Sir,  &c. 

.  .  .  .  |  ,  7 '  j 

*  Bofion  is  an  old  town,  and  was  formerly  the  feat  of  all  the  trade  of  the 
country,  that  was  carried  on  by  fea.  New  towns,  and  ports,  have,  of 
late,  divided  the  trade  with  it,  and  diminifhed  its  inhabitants,  though  the 
inhabitants  of  the  country,  in  general,  have  greatly  increafed* 
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LETTER  XVII. 

FROM 

Benj.  Franklin,  Efq?  of  Philadelphia . 

To  Do6tor  - - -  of  Bofion . 

*  / 

SIR ,  Philadelphia ,  Aug.  13,  17520 

I  Received  your  favour  of  the  3d  inftant.  Some 
time  laft  winter  I  procured  from  one  of  our  phy- 
ficians  an  account  of  the  number  of  perfons  inoculated 
during  the  five  vifitations  of  the  fmall-pox  we  have 
had  in  twenty-two  years ,  which  account  I  fent  to  Mr. 

W - V — — ,  of  your  town,  and  have  no  copy.  If 

I  remember  right,  the  number  exceeded  800,  and  the 
deaths  were  but  four.  I  fuppofe  Mr.  V~  —  *  will 
fhew  you  the  account,  if  he  ever  received  it.  Thofe 
four  were  all  that  our  doctors  allow  to  have  died  of 
the  fmall-pox  by  inoculation,  though  I  think  there 
were  two  more  of  the  inoculated  who  died  of  the 
diftemper;  but  the  eruptions  appearing  foon  after  the 
operation,  it  is  fuppofed  they  had  taken  the  infection 
before,  in  the  common  way. 

I  fhall  be  glad  to  fee  what  Dr.  Douglas  may  write  on 
the  fubjedt.  I  have  a  French  piece  printed  at  Parisy 

D  d  2  ,  1724, 
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1724,  entitled,  Obfervations  fur  la  Saignee  du  Pied,  et 
fur  la  Purgation  au  commencement  de  la  Petite  Verole ,  & 
Raifons  de  doubt e  contre  l Inoculation. — A  letter  of  the 
doctor's  is  mentioned  in  it.  If  he  or  you  have  it  not, 
and  defire  to  fee  it,  I  will  fend  it. — Pleafe  to  favour 
me  with  the  particulars  of  your  purging  method,  to 
prevent  the  fecondary  fever. 

X  am  indebted  for  your  preceding  letter,  but  bufinefs 
fometimes  obliges  one  to  poftpone  philofophical  amufe- 
ments.  Whatever  I  have  wrote  of  that  kind,  are 
really,  as  they  are  entitled,  but  Conjectures  and  Suppo- 
fitions  ;  which  ought  always  to  give  place,  when  careful 
obfervation  militates  againft  them.  I  own  I  have  too 
llrong  a  penchant  to,  the  building  of  hypothefes^  they 
indulge  my  natural  indolence  :  I  wifh  I.  had  more 
of  your  patience  and  accuracy  in  making  obfervations* 
on  which,  alone,  true  Philofophy  can  be  founded* 
And,  I  allure  you,  nothing  can  be  more  obliging  to 
me,  than  your  kind  communication  of  thofe  you  make, 
however  they  may  difagree  with  my  pre-conceived „ 
notions.  '  , 

X  am  forry  to  hear  that  the  number  of  your  inha¬ 
bitants  decreafes.  I  fome  time  fince,,  wrote  a  final! 
paper  of  thoughts  on  the  peopling  of  Countries ,  which,  if 
X  can  find,  I  will  fend  you,  to  obtain  your  fentiments. 
The  favourable  opinion  you  exprefs  of  my  writings, 
may,  you  fee,  occafion  you  more  trouble  than  you  ex¬ 
pected  from,  Sir,  Tours,  &c», 

-  .  f  B.\  F. 

.  ’  ...  ••  «• . 

Observations, 
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Observations  concerning  the  Increafe  of  Man¬ 
kind  y  peopling  of  Countries ,  &c.  Written  in 

Penfylvania,  1751. 

1.  r  |  AABLES  of  the  proportion  of  marriages  to 
X  births,  of  deaths  to  births,  of  marriages  to 
the  number  of  inhabitants,  &c.  formed  on  obferva- 
tions  made  upon  the  bills  of  mortality,  chriftenings,. 
&c.  of  populous  cities,  will  not  fuit  countries ;  nor. 
will  tables  formed  on  obfervations  made  on  full  fettled 
old  countries,  as  Europe ,  fuit  new  countries,  as  Ame¬ 
rica. 

2.  For  people  increafe  in  proportion  to  the  number 
of  marriages,  and  that  is  greater  in  proportion  to  the 
eafe  and  convenience  of  fupporting  a  family.  When 
families  can  be  eafily  fupported,  more  perfons  marry, 
and  earlier  in  life. 

3.  In  cities,  where  all  trades,  occupations,  and  offices 
are  full,  many  delay  marrying,  till  they  can  fee  how  to 
bear  the  charges  of  a  family  3  which  charges  are  greater 
in  cities,  as  luxury  is  more  common  ;  many  live  fingle 
during  life,  and  continue  fervants  to  families,  journey¬ 
men  to  trades,  &c.  Hence  cities  do  not,  by  natural 
generation,  fupply  themfelves  with  inhabitants ;  the 
deaths  are  more  than  the  births. 

4.  In  countries  full  fettled,  the  cafe  muff  be  nearly 
the  fame ;  all  lands  being  occupied  and  improved  to 
the  heighth  ;  thofe  who  cannot  get  land,  muft  labour 
for  others  that  have  it ;  when  labourers  are  plenty, 

their 
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their  wages  will  be  low ;  by  low  wages  a  family  is  fup- 
ported  with  difficulty ;  this  difficulty  deters  many  from 
marriage,  who,  therefore,  long  continue  fervants  and 
Angle.-- Only  as  the  cities  take  fupplies  of  people  from 
the  country,  and  thereby  make  a  little  more  room  in 
the  country,  marriage  is  a  little  more  encouraged  there, 
..and  the  births  exceed  the  deaths. 

5.  Great  part  of  Europe  is  full  fettled  with  hulband- 
men,  manufailurers,  &c.  and  therefore  cannot  now 
much  encreafe  in  people.  America  is  chiefly  occupied 
by  Indians ,  who  fubfift  moftly  by  hunting. — But  as  the 
hunter,  of  all  men,  requires  the  greateft  quantity  of 
land  from  whence  to  draw  his  fubfiftence,  (the  huf- 
bandman  fubfifting  on  much  lefs,  the  gardener  on  ftill 
lefs,  and  the  manufacturer  requiring  leaft  of  all)  the 
Europeans  found  America  as  fully  fettled  as  it  well  could 
be  by  hunters ;  yet  thefe  having  large  trails,  were 
eafily  prevailed  on  to  part  with  portions  of  territory 
to  the  new  comers,  who  did  not  much  interfere  with 
the  natives  in  hunting,  and  furnifhed  them  with  many 
things  they  wanted. 

6.  Land  being  thus  plenty  i n  America,  and  fo  cheap 
as  that  a  labouring  man  that  underftands  hufbandry, 
can,  in  a  fhort  time,  fave  money  enough  to  purchafe  a 
piece  of  new  land,  fufficient  for  a  plantation,  whereon 
he  may  fubfift  a  family ;  fuch  are  not  afraid  to  marry  ; 
for  if  they  even  look  far  enough  forward  to  confider 
how  their  children,  when  grown  up,  are  to  be  provided 
for,  they  fee  that  more  land  is  to  be  had  at  rates  equally 
eafy,  all  circumftances  conftdered, 

7.  Hence 
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7.  Hence  marriages  in  America  are  more  general,  and 
more  generally  early  than  in  Europe .  And  if  it  is 
reckoned  there  that  there  is  but  one  marriage  per  An¬ 
num  among  100  perlons,  perhaps  we  may  here  reckon 
two  ;  and  if  in  Europe  they  have  but  four  births  to  a 
marriage,  (many  of  their  marriages  being  late)  we  may 
here  reckon  eight ;  of  which,  if  one  half  grow  up, 
and  our  marriages  are  made,  reckoning  one  with  ano¬ 
ther,  at  twenty  years  of  age,  our  people  muft  at  lead: 
be  doubled  every  twenty  years. 

8.  But  notwithftanding  this  increafe,  fo  vaft  is  the 
territory  of  North  America ,  that  it  wiil  require  many 
ages  to  fettle  it  fully  *  and  till  it  is  fully  fettled,  la¬ 
bour  will  never  be  cheap  here,  where  no  man  conti¬ 
nues  long  a  labourer  for  others,  but  gets  a  plantation, 
of  his  own  5  no  man  continues  long  a  journeyman  to 
a  trade,  but  goes  among  thofe  new  fettlers,  and  fets  up 
for  himfelf,  &c.  Hence  labour  is  no  cheaper  now,  in 
Penfylvania ,  than  it  was  thirty  years  ago,  though  fo 
many  thoufand  labouring  people  have  been  imported 
from  Germany  and  Ireland . 

9.  The  danger,  therefore,  of  thefe  colonies  inter-* 

fering  with  their  mother  country  in  trades  that  depend 
on  labour,  manufactures,  &c.  is  too  remote  to  require  - 
the  attention  of  Great  Britain . .  „  ;  , 

10.  But  in  proportion  to  the  increafe  of  the  colo¬ 
nies,  a  vaft  demand  is  growing  for  Britifh  manufac¬ 
tures  ;  a  glorious  market,  wholly  in  the  power  of  Bri¬ 
tain ,  in  which  foreigners  cannot  interfere,  which  will 
increafe,  in  a  fliort  time,  even  beyond  her  power  of 

fupplying, 
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fupplying,  though  her  whole  trade  fhould  be  to  her 
colonies.  *  * 

12.  Tis  an  ill-grounded  opinion,  that  by  the  la¬ 
bour  of  Haves,  America  may  poffibly  vie  in  cheapnefs 
of  manufactures  with  Britain .  The  labour  of  Haves 
can  never  be  fo  cheap  here,  as  the  labour  of  working 
men  is  in  Britain ,  Any  one  may  compute  it.  Intereft 
of  money  is  in  the  colonies  from  6  to  io  per  cent . 
Slaves,  one  with  another,  coft  30/.  fterling  per  head. 
Reckon  then  the  intereft  of  the  firft  purchafe  of  a 
llave,  the  infurance  or  rifque  on  his  life,  his  cloathing 
and  diet,  expences  in  his  ficknefs,  and  lofs  of  time, 
lofs  by  his  negleCt  of  bufmefs,  (negleCt  is  natural  to 
the  man  who  is  not  to  be  benefited  by  his  own  care 
or  diligence)  expence  of  a  driver  to  keep  him  at  work, 
and  his  pilfering  from  time  to  time,  almoft  every  Have 
being,  from  the  nature  of  flavery,  a  thief ;  and  com¬ 
pare  the  whole  amount  with  the  wages  of  a  manufac¬ 
turer  of  iron  or  wool  in  England ,  you  will  fee  that  la¬ 
bour  is  much  cheaper  there,  than  it  ever  can  be  by 
negroes  here.  Why  then  will  Americans  purchafe 
flaves  ?  Becaufe  flaves  may  be  kept  as  long  as  a  man 
pleafes,  or  has  occafion  for  their  labour ;  while  hired 
men  are  continually  leaving  their  mafter  (often  in  the 
midft  of  his  bufmefs)  and  fetting  up  for  themfelves* 

§  8- 

13.  As  the  increafe  of  people  depends  on  the  encou¬ 
ragement  of  marriages,  the  following  things  muft  di~ 
minifh  a  nation,  viz.  1 .  The  being  conquered  ;  for  the 
conquerors  will  engrofs  as  many  offices,  and  exa£t  as 

much 
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much  tribute  or  profit  on  the  labour  of  the  conquered, 
as  will  maintain  them  in  their  new  eftablifhment ; 
and  this  diminifhing  the  fubfiftence  of  the  natives/ 
difcourages  their  marriages,  and  fo  gradually  dimi- 
niflies  them,  while  the  foreigners  increafe.  2.  Lofs 
of  territory.  Thus  the  Britons  being  driven  into  Wales , 
and  crouded  together  in  a  barren  country,  infufficient 
to  lupport  fuch  great  numbers,  diminiflied,  till  the 
people  bore  a  proportion  to  the  produce,  while  the 
Saxons  increafed  on  their  abandoned  lands,  till  the 
ifland  became  full  of  EngUJh.  And,  were  the  Englijh 
now  driven  into  Wales  by  iome  foreign  nation,  there 
would,  in  a  few  years,  be  no  more  Englifljmen  in  Bri¬ 
tain ,  than  there  are  now  people  in  Wales.  3.  Lofs  of 
trade.  Manufactures  exported,  draw  fubfiftence  from 
foreign  countries  for  numbers  ;  who  are  thereby  ena¬ 
bled  to  marry  and  raife  families.  If  the  nation  be  de¬ 
prived  of  any  branch  of  trade,  and  no  new  employ¬ 
ment  is  found  for  the  people  occupied  in  that  branch, 
it  will  foon  be  deprived  of  fo  many  people.  4.  Lofs 
of  food.  Suppofe  a  nation  has  a  fifhery,  which  not 
only  employs  great  numbers,  but  makes  the  food  and 
fubfiftence  of  the  people  cheaper:  if  another  nation 
becomes  mafter  of  the  feas,  and  prevents  the  fifhery, 
the  people  will  diminifh  in  proportion  as  the  lofs  of 
employ,  and  dearnefs  of  provifion  makes  it  more  dif¬ 
ficult  to  fubfift  a  family.  5.  Bad  government  and  in- 
fecure  property.  People  not  only  leave  fuch  a  coun¬ 
try,  and  fettling  abroad  incorporate  with  other  nations, 
lofc  their  native  language,  and  become  foreigners  3  but 
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the  induftry  of  thofe  that  remain  being  difcouraged, 
the  quantity  of  fubfiftence  in  the  country  is  leffened, 
and  the  fupport  of  a  family  becomes  more  difficult. 
So  heavy  taxes  tend  to  diminifh  a  people.  6.  The  in¬ 
troduction  of  (laves.  Trie  negroes  brought  into  the 
-Englijh  fugar  iflands,  have  greatly  diminifhed  the 
Whites  there j  the  poor  are  by  this  means  deprived  of 
employment,  while  a  few  families  acquire  vaft  eftates, 
which  they  fpend  on  foreign  luxuries,  and  educating 
their  children  in  the  habit  of  thofe  luxuries ;  the  fame 
income  is  needed  for  the  fupport  of  one,  that  might 
have  maintained  one  hundred.  The  whites  who  have 
(laves,  not  labouring,  are  enfeebled,  and  therefore  not 
lo  generally  prolific  ;  the  (laves  being  worked  too  hard, 
and  ill  fed,  their  conftitutions  are  broken,  and  the 
deaths  among  them  are  more  than  the  births ;  fo  that 
a  continual  fupply  is  needed  from  Africa.  The  northern 
colonies  having  few  (laves,  increafe  in  whites..  Slaves 
alfo  pejorate  the  families  that  ufe  them.;  the  white 
children  become  proud,  difgufted  with  labour,  and 
being  educated  in  idlenefs,  are  rendered  unfit  to  get 
a  living  by  induftry. 

14.  Hence  the  prince  that  acquires  new  territory,  if 
he  finds  it  vacant,  or  removes  the  natives  to  give  his 
own  people  room  ;  the  legifiator  that  makes  effectual 
laws  for  promoting  of  trade,  increafing  employment, 
improving  land  by  more  or  better  tillage,  providing 
more  food  by  fifheries^  fecuring  property,  &c.  and  the 
man  that  invents  new  trades,  arts,  or  manufactures, 
or  new  improvements  in  hufbandry,  may  be  properly- 
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called  Fathers  of  their  nation ,  as  they  are  the  caufe  of 
the  generation  of  multitudes,  by  the  encouragement 
they  afford  to  marriage. 

15.  As  to  privileges  granted  to  the  married,  (fuch 
as  the  jus  trium  liber orum  among  the  Romans)  they  may 
haften  the  filling  of  a  country  that  has  been  thinned 
by  war  or  peftilence,  or  that  has  otherwife  vacant 
territory,  but  cannot  increafe  a  people  beyond  the 
means  provided  for  their  fubfiftence. 

16.  Foreign  luxuries,  and  needlefs  manufactures, 
imported  and  ufed  in  a  nation,  do,  by  the  fame  rea- 
foning,  increafe  the  people  of  the  nation  that  furnifhes 
them,  and  diminifh  the  people  of  the  nation  that  ufes 
them. — Laws,  therefore,  that  prevent  fuch  importa¬ 
tions,  and,  on  the  contrary,  promote  the  exportation 
of  manufactures  to  be  coi)fumed  in  foreign  countries, 
may  be  called  (with  refpeCt  to  the  people  that  make 
them)  generative  laws ,  as  by  increafing  fubfiftence  they 
encourage  marriage.  Such  laws  likewife  ftrengthen  a 
country  doubly,  by  increafing  its  own  people,  and 
diminifhing  its  neighbours. 

17.  Some  European  nations  prudently  refufe  to  con- 
fume  the  manufactures  of  Eajl-India  :  —  They  fhould 
likewife  forbid  them  to  their  colonies  3  for  the  gain  to 
the  merchant  is  not  to  be  compared  with  the  lofs,  by 
this  means,  of  people  to  the  nation. 

18.  Home  luxury  in  the  great,  increafes  the  na¬ 
tion’s  manufacturers  employed  by  it,  who  are  many, 
and  only  tends  to  diminifh  the  families  that  indulge  in 
it,  who  are  few.  The  greater  the  common  fafhionable 
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expence  of  any  rank  of  people,  the  more  cautious 
they  are  of  marriage.  Therefore  luxury  fhould  never 
be  fuffered  to  become  common. 

19.  The  great  increafe  of  offspring  in  particular 
families,  is  not  always  owing  to  greater  fecundity  of 
nature,  but  fometimes  to  examples  of  induftry  in  the 
heads,  and  induftrious  education ;  by  which  the  chil¬ 
dren  are  enabled  to  provide  better  for  themfelves,  and 
their  marrying  early  is  encouraged  from  the  profpeft 
of  good  fubfiftence. 

20.  If  there  be  a  fe£t,  therefore,  in  our  nation, 
that  regard  frugality  and  induftry  as  religious  duties, 
and  educate  their  children  therein,  more  than  others 
commonly  do  5  fuch  f eft  muft  confequently  increafe 
more  by  natural  generation,  than  any  other  feft  in 
Britain . 

21.  The  importation  of  foreigners  into  a  country: 
that  has  ‘as  many  inhabitants  as  the  prefent  employ¬ 
ments  and  provifions  for  fubfiftence  will  bear,  will  be 
in  the  end  no  increafe  of  people,  mile fs  the  new¬ 
comers  have  more  induftry  and  frugality  than  the  na¬ 
tives,  and  then  they  will  provide  more  fubfiftence,  and 
increafe  in  the  country;  but  they  will  gradually  eat 
the  natives  out. — Nor  is  it  neceffary  to  bring  in  fo¬ 
reigners  to  fill  up  any  occafional  vacancyny  r;  xacount 
for  fuch  vacancy  (if  the  laws  are  good,  §  14,  16)  will 
foon  be  filled  by  natural  generation.  Who  can  now 
find  the  vacancy  made  in  Sweden ,  France ,  or  other 
warlike  nations,  by  the  plague  of  heroifm  40  years 
ago ;  in  France ,  by  the  expulfion  of  the  Proteftants ; 
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in  England ,  by  the  fettlement  of  her  colonies  5  or  in 
Guinea ,  by  a  hundred  years  exportation  of  Haves,  that 
has  blackened  half  America  2— The  thinnefs  of  the  in¬ 
habitants  in  Spain ,  is  owing  to  national  pride,  and 
idlenefs,  and  other  caufes,  rather  than  to  the  expul- 
fion  of  the  Moors ,  or  to  the  making  of  new  fettlements. 

22.  There  is,  in  ihort,  no  bound  to  the  prolific  na¬ 
ture  of  plants  or  animals,  but  what  is  made  by  their 
crowding  and  interfering  with  each  other’s  means  of 
fubfiftence.  Was  the  face  of  the  earth  vacant  of  other 
plants,  it  might  be  gradually  fowed  and  overfpread 
with  one  kind  only  ;  as  for  inftance,  with  fennel ;  and 
were  it  empty  of  other  inhabitants,  it  might,  in  a  few 
ages,  be  replenilhed  from  one  nation  only,  as  for  in¬ 
ftance,  with  Englifhmen.  Thus  there  are  luppofed  to 
be  now  upwards  of  one  million  of  Englijh  fouls  in 
North  America  (though  it  is  thought  fcarce  80,000  have 
been  brought  over  fea)  and  yet  perhaps  there  is  not 
one  the  fewer  in  Britain ,  but  rather  many  more,  on 
account  of  the  employment  the  colonies  afford  to  ma- 
nufafturers  at  home.  This  million  doubling,  fuppofe 
but  once  in  25  years,  will,  in  another  century,  be 
more  than  the  people  of  England ,  and  the  greateft 
number  of  Englijkmen  will  be  on  this  fide  the  water. 
What  an  acceffion  of  power  to  the  Britijh  empire  by 
lea  as  well  as  land  !  What  increafe  of  trade  and  navi¬ 
gation  !  What  numbers  of  fhips  and  feamen !  We 
have  been  here  but  little  more  than  a  hundred  years, 
and  yet  the  force  of  our  privateers  in  the  late  war, 
united,  was  greater  both  in  men  and  guns,  than  that 

of 


2 14  Letters  and  Papers 

of  the  whole  Britifh  navy  in  queen  Elizabeth’s  time. 
How  important  an  affair  then  to  Britain ,  is  the  prefent 
treaty  *  for  fettling  the  bounds  between  her  colonies 
and  the  French !  and  how  careful  fhould  fhe  be  to  fe- 
cure  room  enough,  fmce  on  the  room  depends  fo  much 
the  increafe  of  her  people  ? 

23.  In  fine,  a  nation  well  regulated  is  like  a  poly¬ 
pus  'f  ;  take  away  a  limb,  its  place  is  foon  fupplied ; 
cut  it  in  two,  and  each  deficient  part  fhall  fpeedily 
grow  out  of  the  part  remaining.  Thus,  if  you  have 
room  and  fubfiftence  enough,  as  you  may,  by  dividing, 
make  ten  polypufes  out  of  one,  you  may,  of  one,  make 
ten  nations,  equally  populous  and  powerful ;  or,  ra¬ 
ther,  increafe  a  nation  tenfold  in  numbers  and  ftrength. 
*  *  *  *  * 


*  In  1751.  f  A  water  infedt,  well-known  to  Naturalifls. 
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L  E  T  T  E  R  XVIII. 

FROM 

Doctor  — - ,  of  Bojlon , 


t  o 

Benjamin  Franklin,  Efq;  at  Philadelphia. 

SIR ,  "  Bojhn,  O5lohcr  16.,  1752. 

Read  at  the  Royal  ir  Find  by  a  word  or  two  in  your  laft. 

Society,  June  3,  g  ,  •  ,  -  J  .  r  / 

1756.  JL  that  you  are  willing  to  be  round  rault 

with  ;  which  authorises  me  to  let  you  know  what  I 
am  at  a  lofs  about  in  your  papers,  which  is  only  in 
the  article  of  the  water-fpout.  I  am  in  doubt,  whether 
water  in  bulk,  or  even  broken  into  drops,  ever  af- 
cends  into  the  region  of  the  clouds  per  vorticem  ;  i.  e. 
whether  there  be,  in  reality,  what  I  call  a  direft  wa¬ 
ter-fpout.  I  make  no  doubt  of  diredt  and  inverted 
whirl-winds  j  your  defcription  of  them,  and  the  reafon 
of  the  thing,  are  fufficient.  I  am  fenfible  too,  that 
they  are  very  ftrong,  and  often  move  confiderable 
weights.  But  I  have  not  met  with  any  hiftorical  ac¬ 
counts  that  feem  exadt  enough  to  remove  my  fcruples 
concerning  the  afcent  abovefaid. 

Defcending 
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Defending  fpouts  (as  I  take  them  to  be)  are  many 
times  feen,  as  I  take  it,  in  the  cairns,  between  the  fea 
and  land  trade-winds  on  the  coaft  of  Africa.  Thefe 
contrary  winds,  or  diverging,  I  can  conceive  may  oc- 
cafion  them,  as  it  were  by  fuftion,  making  a  breach  in 
a  large  cloud.  But  I  imagine  they  have,  at  the  fame 
time,  a  tendency  to  hinder  any  diredl  or  riling  fpout, 
by  carrying  off  the  lower  part  of  the  atmofphere,  as 
faft  as  it  begins  to  rarefy  ;  and  yet  fpouts  are  frequent 
here,  which  ftrengthens  my  opinion,  that  all  of  them 
defcend. 

But  however  this  be,  I  cannot  conceive  a  force  pro¬ 
ducible  by  the  rarefication  and  condenfation  of  our  at- 
inofphere,  in  the  ci  ream  fiances  of  our  globe,  capable 
of  carrying  water,  in  large  portions,  into  the  region 
of  the  clouds.  Suppofmg  it  to  be  raifed,  it  would  be 
too  heavy  to  continue  the  afcent  beyond  a  confiderable 
height,  unlefs  parted  into  fmall  drops  3  and  even  then, 
by  its  centrifugal  force,  from  the  manner  of  convey¬ 
ance,  it  would  be  flung  out  of  the  circle,  and  fall  Mat¬ 
tered,  like  rain. 

But  I  need  not  expatiate  on  thefe  matters  to  you, 
1  have  mentioned  my  objections,  and,  as  truth  is  my 
purfuit,  (hall  be  glad  to  be  informed.  I  have  feen  few 
accounts  of  thefe  whirl  or  eddy  winds,  and  as  little  of 
the  fpouts  ^  and  thefe,  efpecially,  lame  and  poor  things 
to  obtain  any  certainty  by.  If  you  know  any  thing 
determinate  that  has  been  obferved,  I  fhall  hope  to 
hear  from  you;  as  alfo  of  any  miftake  in  my  thoughts. 
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I  have  nothing  to  objeft  to  any  other  part  of  your 
fbppofitions  :  and  as  to  that  of  the  trade-winds,  I  be¬ 
lieve  nobody  can. 

I  dm,  &C. 

P.  S.  The  figures  in  the  Philofophical  'PranfaSliom 
fhew,  by  feveral  circumftances,  that  they  all  defcended, 
tho’  the  relators  feemed  to  think  they  took  up  water. 


L  E  T  T  E  R  XIX. 

From  Dr. - — ,  of  Bojlon , 


t  o 

* 

Benj.  Franklin,  Efq ;  at  Philadelphia . 

SIR ,  BoJlo?i ,  October  23,  1752. 

Read  at  the  Royal  t]ie  inclofed,  you  have  all  I  have  to 

1756.  X  lay  of  that  matter  -f*.  It  proved  lon¬ 

ger  than  I  expected,  lo  that  I  was  forced  to  add  a  cover 
to  it.  I  conlels  it  looks  like  a  difpute;  but  that  is 
quite  contrary  to  my  intentions.  The  fincerity  of 
friendfhip  and  efteem  were  my  motives  j  nor  do  I 
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your  fcrupling  the  goodnefs  of  the  intention.  How¬ 
ever,  I  muft  confefs  I  cannot  tell  exaftly  how  far  I 
was  a£ted  by  hopes  of  better  information,  in  difcover- 
ing  the  whole  foundation  of  my  opinion,  which,  in¬ 
deed,  is  but  an  opinion,  as  I  am  very  much  at  a  lofs 
about  the  validity  of  the  reafons.  I  have  not  been 
able  to  differ  from  you  in  fentiment  concerning  any 
thing  elfe  in  your  Suppositions,,  In  the  prefent  cafe  I 
lie  open  to  conviction,  and  fhall  be  the  gainer  when 
informed.  If  I  am  right,  you  will  know  that,  with¬ 
out  my  adding  any  more.  Too  much  faid  on  a  merely 
fpeculative  matter,  is  but  a  robbery  committed  on  prac¬ 
tical  knowledge.  Perhaps  I  am  too  much  pleafed  with 
thefe  dry  notions  :  However,  by  this  you  will  fee  that 
I  think  it  unreafonable  to  give  you  more  trouble  about 
them,  than  your  leifure  and  inclination  may  prompt 
you  to. 

I  am,  &,c. 

SINCE  my  laft  I  conlidered,  that,  as  I  had  begun 
with  the  reafons  of  my  diffatisfaCtion  about  the 
aicent  of  water  in  fpouts,  you  would  not  be  unwilling 
to  hear  the  whole  I  have  to  fay,  and  then  you  will 
know  what  I  rely  upon. 

What  occafioned  my  thinking  all  fpouts  defcend,  is, 
that  I  found  fome  did  certainly  do  fo.  A  difficulty  ap¬ 
peared  concerning  the  afcent  of  fo  heavy  a  body  as 
water,  by  any  force  I  was  apprifed  of,  as  probably  fuf- 
■ficient.  And,  above  all,  a  view  of  Mr.  Stuari s  portraits 
of  fpouts,  in  the  P hilofophical  PranfaSliom* 


Some 
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Some  obfervations  on  thefe  laft,  will  include  the 
chief  part  of  my  difficulties. 

Mr.  Stuart  has  given  us  the  figures  of  a  number  ob- 
ferved  by  him  in  the  Mediterranean  :  All  with  fome 
particulars  which  make  for  my  opinion,  if  well  drawn. 

The  great  {pattering  which  relators  mention  in  the 
water  where  the  fpout  defcends,  and  which  appears  in 
all  his  draughts,  I  conceive  to  be  occafioned  by  drops 
defcending  very  thick  and  large  into  the  place. 

On  the  place  of  this  fpattering  arifes  the  appearance 
of  a  bufil,  into  the  center  of  which  the  fpout  comes 
down.  This  bufh  I  take  to  be  formed  by  a  fpray, 
made  by  the  force  of  thefe  drops,  which  being  uncom¬ 
monly  large,  and  defcending  with  unufual  force  by  a 
ftream  of  wind  defcending  from  the  cloud  with  them, 
increafes  the  height  of  the  fpray :  which  wind  being 
repulfed  by  the  furface  of  the  waters,  rebounds  and 
fpreads ;  by  the  firft  raifing  the  fpray  higher  than  it 
otherwife  would  go ;  and  by  the  laft  making  the  top 
of  the  bufh  appear  to  bend  outwards  (i.  e.)  the  cloud 
of  fpray  is  forced  off  from  the  trunk  of  the  fpout, 
and  falls  backward. 

The  bufii  does  the  fame,  where  there  is  no  appear¬ 
ance  of  a  fpout  reaching  it ;  and  is  depreffed  in  the" 
middle,  where  the  fpout  is  expected.  This,  I  imagine, 
to  be  from  numerous  drops  of  the  fpout  failing  into 
it,  together  with  the  wind  I  mentioned,  by  their  de- 
fcent,  which  beat  back  the  rifing  fpray  in  the  center. 

This  circumftance  of  the  bufh  bending  outwurds  at' 
the  top,  feems  not  to  agree  with  what  I  call  a  direft 

F  f  2  whirlwind, 
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whirlwind,  but  confiftent  with  the  reverfed  ;  for  a  di¬ 
rect  one  would  fweep  the  bufh  inwards  ;  if,  in  that 
cafe,  any  thing  of  a  bufh  would  appear. 

The  pillar  of  water,  as  they  call  it,  from  its  like- 
nefs,  I  fuppofe  to  be  only  the  end  of  the  fpout  im- 
merfed  in  the  bufh,  a  little  blackened  by  the  additional 
cloud,  and,  perhaps,  appears  to  the  eye  beyond  its  real 
bignefs,  by  a  refraction  in  the  bufh,  and  which  refrac¬ 
tion  may  be  the  caufe  of  the  appearance  of  feparation,, 
betwixt  the  part  in  the  bufh,  and  that  above  it.  The 
part  in  the  bufh  is  cylindrical,  as  it  is  above  (i.  e.J  the. 
bignefs  the  fame  from  the  top  of  the  bufh  to  the  water,. 
Inftead  of  this  fhape,  in  cafe  of  a  whirlwind,  it  muft: 
have  been  pyramidical. 

Another  thing  remarkable,  is,  the  curve  in  fome  of 
them:  This  is  eafy  to  conceive,  in  cafe  of  defcending 
parcels  of  drops  through  various  winds,  at  lead:  till, 
the  cloud  condenfes  fo  fall  as  to  come  down,  as  it 
were,  uno  rivo .  But  it  is  harder  to  me  to  conceive  it 
in  the  afcent  of  water,  that  it  fhould  be  conveyed, 
along,  fecure  of  not  leaking,  or  often  dropping  thro’ 
the  under  fide,  in  the  prone  part :  And,  fhould  the, 
water  be  conveyed  fo  fwiftly,  and  with  fuch  force, 
up  into  the  cloud,  as  to  prevent  this;  it  would,  by  a 
natural  difpofition  to  move  on  in  a  prefent  direction, 
prefently  ftraiten  the  curve,  railing  the  fhoulder  very 
fwiftly,  till  loft  in  the  cloud. 

Over  every  one  of  Stuart's  figures,  I  fee  a  cloud;  I, 
fuppofe  his  clouds  were  firft,  and  then  the  fpout ;  I  do 
not  know  whether  it  be  fo  with  all  fpout s,  but  fup¬ 
pofe 


221 


pofe  it  is.  Now,  if  whirlwinds  carried  up  the  water, 
I  fhould  cxpedl  them  in  fair  weather,  but  not  under 
a  cloud  5  as  is  oblervabic  of  whirlwinds ;  they  come  in 
fair  weather,  not  under  the  fhade  of  a  cloud,  nor  in 
the  night ;  fmce  fhade  cools  the  air  :  But,  on  the  con¬ 
trary,  violent  winds  often  defcend  from  the  clouds ; 
ftrong  gufts  which  occupy  final  1  fpaces  ;  and  from  the 
higher  regions,  extenfive  hurricanes,  &c. 

Another  thing  is,  the  appearance  of  the  fpout  com¬ 
ing  from  the  cloud.  This  I  cannot  account  for  on  the 
notion  of  a  direct  fpout,  but,  in  the  real  defeending 
one,  it  is  eafy.  I  take  it,  that  the  cloud  begins  firft 
of  all  to  pour  out  drops  at  that  particular  fpot,  or 
foramen  ;  and,  when  that  current  of  drops  increafes, 
fo  as  to  force  down  wind  and  vapour,  the  fpout  be¬ 
comes,  fo  far  as  that  goes,  opaque.  I  take  it,  that 
no  clouds  drop  fpouts,  but  fuel!  as  make  very  fail,  and 
happen  to  condenfe  in  a  particlar  fpot,  which,  per¬ 
haps,  is  coldeft,  and  gives  a  determination  downwards, 
fo  as  to  make  a  paffage  through  the  fubjacent  at- 
mofphere. 

If  fpouts  afeend,  it  is  to  carry  up  the  warm  rarified 
air  below,  to  let  down  all  and  any  that  is  colder 
above ;  and,  if  fo,  they  muft  carry  it  through  the 
cloud  they  go  into,  (for  that  is  cold  and  denfe,  I  ima¬ 
gine)  perhaps  far  into  the  higher  region,  making  a 
wonderful  appearance  at  a  convenient  diftance  to  ob- 
ferve  it,  by  the  fwift  rife  of  a  body  of  vapour,  above 
the  region  of  the  clouds.  But,  as  this  has  never  been 
obferved  in  any  age,  if  it  be  fuppofeable  that  is  all. 

I  cannot 
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I  cannot  learn,  by  mariners,  that  any  wind  blows 
towards  a  fpout  more  than  any  other  way  5  but  it 
blows  towards  a  whirlwind,  for  a  large  diftance  round. 

I  fuppofe  there  has  been  no  inftance  of  the  water 
of  a  fpout  being  fait,  when  coming  a-crofs  any  veffei 
at  fea.  I  fuppofe,  too,  that  there  have  been  no  fait 
rains  ;  thefe  would  make  the  cafe  clear. 

I  fuppofe  it  is  from  feme  unhappy  effects  of  thefe 
dangerous  creatures  of  nature,  that  failors  have  an 
univerfal  dread  on  them  of  breaking  in  their  decks, 
fhould  they  come  a-crofs  them. 

I  imagine  fpouts,  in  cold  feafons,  as  Gordons  in  the 
Downs ,  prove  the  defeent. 

Query.  Whether  there  is  not  always  more  or  lefs 
cloud,  firft,  where  a  fpout  appears  ? 

Whether  they  are  not,  generally,  on  the  borders  of 
trade-winds  ;  and  whether  this  is  for,  or  againft  me  ? 

Whether  there  be  any  credible  account  of  a  whirl- 

j 

wind’s  carrying  up  all  the  water  in  a  pool,  or  fmall 
pond:  As  when  fhoal,  and  the  banks  low,  a  ftrong 
guft  might  be  fuppofed  to  blow  it  all  out  ? 

Whether  a  violent  tornado,  of  a  fmall  extent,  and 
other  fudden  and  ftrong  gufts,  be  not  winds  from 
above,  defeending  nearly  perpendicular ;  and,  whether 
many  that  are  called  whirlwinds  at  fea,  are  any  other 
than  thefe ;  and  fo  might  be  called  air- fpouts,  if  they 
were  objects  of  fight  ? 

I  overlooked,  in  its  proper  place,  Stuart's  N°.  n, 
which  is  curious  for  its  inequalities,  and,  in  parti¬ 
cular,  the  approach  to  breaking,  which,  if  it  would 

not 


not  be  too  tedious,  I  would  have  obferved  a  little 
upon,  in  my  own  way,  as,  I  think,  this  would  argue 
again!!  the  afcent,  &c.  but  I  mull  pafs  it,  not  only 
for  the  reafon  mentioned,  but  want  of  room  befides. 

As  to  Mr.  Stuart's  ocular  demonftration  of  the 
afcent  in  his  great  perpendicular  fpout,  the  only  one  it 
appears  in,  I  fay,  as  to  this,  what  I  have  written  fup- 
pofes  him  miftaken,  which,  yet,  I  am  far  from  averting. 

The  force  of  an  airy  vortex,  having  lefs  influence 
on  the  folid  drops  of  water,  than  on  the  interfperfed 
cloudy  vapours,  makes  the  laft  whirl  round  fwifter, 
though  it  defcend  flower:  and  this  might  eafily  de¬ 
ceive,  without  great  care,  the  moft  unprejudiced  perfon* 


j‘  • « 


LETTER 


22% 


Letters  and  Papers 


. . . . .  . . mill  inw«— ■ — in  ■  win 


LETTER  XX. 

„  FROM 

Benj.  Franklin,  Efq j  of  Philadelphia . 

To  Dodor  *— — “•  of  B  oft  on* 

SIR ,  Philadelphia ,  Feb .  4,  1753* 

^Societyb^^n1  T"  Ought  to  have  written  to  you,  long 
■£756.  JL  fince,  in  anfwer  to  yours  of  Odlobe r 

16,  concerning  the  water-fpout;  but  bufmefs  partly, 
and  partly  a  defire  of  procuring  further  information, 
by  enquiry  among  my  lea-faring  acquaintance,  in¬ 
duced  me  to  poftpone  waiting,  from  time  to  time, 
till  I  am  now  almoft  afhamed  to  refume  the  fubjed, 
not  knowing  but  you  may  have  forgot  what  has  been 
faid  upon  it. 

Nothing,  certainly,  can  be  more  improving  to  a 
fearcher  into  nature,  than  objections  judicioufly  made 
to  his  opinion,  taken  up,  perhaps,  too  haftily  :  For 
fuch  objections  oblige  him  to  re-ftudy  the  point,  con- 
fuler  every  oircumftance  carefully,  compare  facts,  make 
experiments,  weigh  arguments,  and  be  how  in  draw¬ 
ing  conclulions.  And  hence  a  fure  advantage  refults  j 

for 
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for  he  either  confirms  a  truth,  before  too  (lightly  Tup- 
ported  ;  or  difcovers  an  error,  and  receives  inftruCtion 
from  the  objector. 

In  this  view  I  confider  the  objections  and  remarks 
you  fent  me,  and  thank  you  for  them  fincerely :  But, 
how  much  foever  my  inclinations  lead  me  to  Philofo¬ 
phical  enquiries,  I  am  fo  engaged  in  bufmefs,  public 
and  private,  that  thofe  more  pleafing  purfuits  are  fre¬ 
quently  interrupted,  and  the  chain  of  thought,  necef- 
fary  to  be  clofely  continued  in  fuch  difquifitions,  fo 
broken  and  disjointed,  that  it  is  with  difficulty  I  fatisfy 
myfelf  in  any  of  them  :  And  I  am  now  not  much 
nearer  a  conclufion,  in  this  matter  of  the  fpout,  than 
when  I  'firft  re^d  your  letter*. 

Yet,  hoping  we  may,  in  time,  fift  out  the  truth  be¬ 
tween  us,  I  will  fend  you  my  prefent  thoughts,  with 
fome  obfervations  on  your  reafons,  on  the  accounts  in 
the  <rtranfa£tions ,  and  on  other  relations  I  have  met 
with.  Perhaps,  while  I  am  writing,  fome  new  light 
may  ftrike  me,  for  I  fhall  now  be  obliged  to  confider 
the  fubjeCl  with  a  little  more  attention. 

I  agree  with  you,  that,  by  means  of  a  vacuum  in  a 
whirlwind,  water  cannot  be  fuppofed  to  rife  in  large 
maffies  to  the  region  of  the  clouds  ^  for  the  preffure  of 
the  furrounding  atmofphere  could  not  force  it  up  in  a 
continued  body,  or  column,  to  a  much  greater  height 
than  thirty  feet.  But,  if  -there  really  is  a  vacuum  in 
the  center,  or  near  the  axis  of  whirlwinds,  then,  I 
think,  water  may  rife  in  fuch  vacuum  to  that  height, 
or  to  a  lefs  height,  as  the  vacuum  may  be  lefs  perfect. 

G  g  I  had 
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I  had  not  read  Stuart’s  account,  in  the  SfranfaSltons, 
for  many  years,  before  the  receipt  of  your  letter,  and 
had  quite  forgot  it ;  but  now,  on  viewing  his  draughts, 
and  confidering  his  defcriptions,  I  think  they  feem  to 
favour  my  hypothecs ;  for  he  defcribes  and  draws  co¬ 
lumns  of  water,  of  various  heights,  terminating 
abruptly  at  the  top,  exactly  as  water  would  do, 
when  forced  up  by  the  preffure  of  the  atmofphere, 
into  an  exhaufted  tube. 

j 

1  muft,  however,  no  longer  call  it  my  hypothecs,  fmce 
I  find  Stuart  had  the  fame  thought,  though  fomewhat 
obfcurely  expreffed,  where  he  fays,  “  he  imagines  this 
c<  phenomenon  may  be  folved  by  fuftion  (improperly 
“  fo  called)  or  rather  pulfion,  as  in  the  application  of 
<c  a  cupping  glafs  to  the  flefh,  the  air  being  firff  voided 
4C  by  the  kindled  flax.” 

In  my  paper,  I  fuppofed  a  whirlwind  and  a  fpout  to 
be  the  fame  thing,  and  to  proceed  from  the  fame 
caufe ;  the  only  difference  between  them  being,  that 
the  one  paffes  over  land,  the  other  over  water.  1  find, 
alfo,  in  the  YranfaSlions ,  that  M.  de  la  Pryme  was  of 
the  fame  opinion  ;  for  he  there  defcribes  two  fpouts, 
as  he  calls  them,  which  were  feen  at  different  times, 
at  Hatfield ,  in  Yorkshire ,  whofe  appearances  in  the  air 
were  the  fame  with  thofe  of  the  fpouts  at  fea,  and 
effedis  the  fame  with  thofe  of  real  whirlwinds. 

Whirlwinds  have,  generally,  a  progreffive,  as  well 
as  a  circular  motion ;  fo  had  what  is  called  the  fpout, 
at  cfopfam—( See  the  account  of  it  in  the  Yranfadlions) — - 
which  alfo  appears,  by  its  effefts  defcribed,  to  have 

been 
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been  a  real  whirlwind.  Water-fpouts  have,  alfo,  a 
progreflive  motion ;  this  is  lbmetimes  greater,  and 
fometimes  lefs ;  in  fome  violent,  in  others  barely  per¬ 
ceivable.  The  whirlwind  at  Warrington  continued  long 

in  Acrement-Clofe. 

Whirlwinds  generally  arife  after  calms  and  great 
heats :  The  fame  is  obferved  of  water-fpouts,  which 
are,  therefore,  molt  frequent  in  the  warm  latitudes. 
The  fpout  that  happened  in  cold  weather,  in  the  Downs, 
defcribed  by  Mr.  Gordon  in  the  T ranfattions,  was,  for 
that  reafon,  thought  extraordinary  ;  but  he  remarks 
withal,  that  the  weather,  though  cold  when  the  fpout 
appeared,  was  foon  after  much  colder;  as  we  find  it, 
commonly,  lefs  warm  after  a  whirlwind. 

You  agree,  that  the  wind  blows  every  way  towards 
a  whirlwind,  from  a  large  fpace  round.  An  intelli¬ 
gent  whaleman  of  Nantucket ,  informed  me,  that  three 
of  their  vefiels,  which  were  out  in  fearch  of  whales, 
happening  to  be  becalmed,  lay  in  fight  of  each  other, 
at  about  a  league  diftance,  if  I  remember  right,  nearly 
forming  a  triangle  :  After  fome  time,  a  water-fpout 
appeared  near  the  middle  of  the  triangle,  when  a  brifk 
breeze  of  wind  fprung  up,  and  every  vefiel  made  fail  ; 
and  then  it  appeared  to  them  all,  by  the  fetting  of  the 
fails,  and  the  courfe  each  vefiel  Hood,  that  the  fpout 
was  to  the  leeward  of  every  one  of  them ;  and  they  all 
declared  it  to  have  been  fo,  when  they  happened  after¬ 
wards  in  company,  and  came  to  confer  about  it.  So 
that  in  this  particular  likewife,  whirlwinds  and  water- 
fpouts  agree.  .  j 
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But,  if  that  which  appears  a  water-fpout  at  fea, 
does  fometimes,  in  its  progreffive  motion,  meet  with 
and  pafs  over  land,  and  there  produce  all  the  pheno¬ 
mena  and  effects  of  a  whirlwind,  it  fhould  thence 
feem  frill  more  evident,  that  a  whirlwind  and  a  fpout 
are  the  fame.  1  fend  you,  herewith,  a  letter  from  an 
ingenious  phyfician  of  my  acquaintance,  which  gives 
one  inftance  of  this,  that  fell  within  his  obfervation. 

A  fluid,,  moving  from  all  points  horizontally,  to¬ 
wards  a  center,  muft,  at  that  center,  either  afcend  or 
defcend.  Water  being  in  a  tub,  if  a  hole  be  opened 
in  the  middle  of  the  bottom,  will  flow  from  all  fides 
to  the  center,  and  there  defcend  in  a  whirl.  But,  air 
flowing  on  and  near  the  furface  of  land  or  water, 
from  all  fides,  towards  a  center,  muft,  at  that  center, 
afcend  •,  the  land  or  water  hindering  its  defcent. 

If  thefe  concentring  currents  of  air  be  in  the  upper 
region,  they,  may,  indeed,  defcend  in  the  fpout  or 
whirlwind  *  but  then^  when  the  united  current  reached, 
the  earth  or  water,  it.  would  fpread,  and,  probably, 
blow  every  way  from  the  center.-  There  may  be  whirl¬ 
winds  of  both  kinds,  but,  from  the  commonly  ob- 
ferved  effects,  I  fufpeft  the  riling  one  to  be  the  moft 
common  :  When  the  upper  air  defcends,  it  is,  perhaps, 
in  a  greater  body,  extending  wider,  as  in  our  thunder- 
guffs,  and  without  much  whirling*  and,  when  air 
defcends  in  a  fpout,  or  whirlwind,  I  fhould  rather 
expeft  it  would  prefs  the  roof  of  a  houfe  inwards ,  or 
force  in  the  the  tiles,  fhingies,  or  thatch,  force  a  boat 
down  into  the  water,  or  a  piece  of  timber  into  the 

earth* 
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earth,  than  that  it  would  lift  them  up,  and  carry  them 
away. 

It  has  fo  happened,  that  I  have  not  met  with  any  ac¬ 
counts  of  fpouts,  that  certainly  defeended;  I  fufpeft 
they  are  not  frequent.  Pleafe  to  communicate  thofe 
you  mention.  The  apparent  dropping  of  a  pipe  from 
the  clouds  towards  the  earth,  or  lea,  I  will  endeavour 
to  explain  hereafter. 

The  augmentation  of  the  cloud,  which,  as  I  am  in¬ 
formed,  is  generally,  if  not  always  the  cafe,  during  a 
fpout,  feems  to  fhew  an  afcent,  rather  than  a  defeent 
of  the  matter  of  which  Inch  cloud  is  compofed  ;  for  a 
defcending  fpout,  one  would  expect,  fnould  diminifh  a 
cloud.  I  own,  however,  that  cold  air  defcending,  may, 
by  condenfmg  the  vapours  in  a  lower  region,  form  and 
increafe  clouds ;  which,  I  think,  is  generally  the  cafe 
in  our  common  thunder-guffs,  and,  therefore,  do  not 
lay  great  ftrefs  on  this  argument. 

Whirlwinds,  and  fpouts,  are  not  always,  though 
moft  commonly,  in  the  day  time.  The  terrible  whirl-  - 
wind  which  damaged  a  great  part  of  Rome ,  June  11, 
1749,  happened  in  the  night  of  that  day.  The  fame 
was  fuppofed  to  have  been  firft  a.  fpout,  for  it  is  faid 
to  be  beyond,  doubt,  that  it  gathered,  in  the  neighbour¬ 
ing  fea,  as  it  could  be  tracked  from  OJUa  to  Rome .  I 
find  this  in  Pere  Bofchovich's  account  of  it,  as  abridged 
in  the  Monthly  Review  for  December  1750. 

In  that  account,  the  whirlwind  is  faid  to  have  ap¬ 
peared  as  a  very  black,  long,  and  lofty  cloud,  difeo- 
verable,  notwithftanding  the  darknefs  of  the  night, 
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by  Its  continually  lightning  or  emitting  Sallies  on  all 
fides,  pufhing  along  with  a  furprifmg  fwiftnefs,  and 
within  three  or  four  feet  of  the  ground.  Its  general 
effects  on  houfes,  were,  ftripping  off  the  roofs,  blow¬ 
ing  away  chimneys,  breaking  doors  and  windows, 
forcing  up  the  floor i,  and  unpaving  the*  rooms ,  (fomeof  thefe 
effects  feem  to  agree  well  with  a  fuppofed  vacuum  in 
the  center  of  the  whirlwind)  and  the  very  rafters  of 
the  houfes  were  broke  and  difperfed,  and  even  hurled 
againft  houfes  at  a  considerable  diftance,  &c. 

It  feems,  by  an  expreffion  of  Pere  Bofchoviclos ,  as  if 
the  wind  blew  from  all  fides  towards  the  whirlwind  1 
for,  having  carefully  obferved  its  effects,  he  concludes 
of  all  whirlwinds,  ££  that  their  motion  is  circular,  and 
€£  their  aCtion  attractive.” 

He  ohferves,  on  a  number  of  hiftories  of  whirl¬ 
winds,  &c.  ££  that  a  common  effeft  of  them  is,  to 
££  carry  up  into  the  air  tiles,  ftones,  and  animals  them- 
£C  felves,  which  happen  to  be  in  their  courfe,  and  all 
££  kinds  of  bodies  unexceptionably,  throwing  them  to 
££  a  confiderable  diftance,  with  great  impetuofty.” 
Such  effedts  feem  to  fhew  a  rifng  current  of  air. 

I  will  endeavour  to  explain  my  conceptions  of  this 
matter  by  figures,  representing  a  plan  and  an  elevation 
of  a  fpout  or  whirlwind. 

I  would  only  firft  beg  to  be  allowed  two  or  three  po¬ 
sitions,  mentioned  in  my  former  paper. 

1 .  That  the  lower  region  of  air  is  often  more  heated, 
and  fo  more  rarifted,  than  the  upper  $  consequently, 
Specifically  lighter.  The  coldnefs  of  the  upper  region 

is 


is  manifefted  by  the  hail  which  fometimes  falls  from  it 
in  a  hot  day. 

2.  That  heated  air  may  be  very  moift,  and  yet  the 
moifture  fo  equally  diffus’d  and  rarified,  as  not  to  be 
vifible,  till  colder  air  mixes  with  it,  when  it  condenfes, 
and  becomes  vifible.  Thus  our  breath,  invifible  in 
fummer,  becomes  vifible  in  winter. 

Now  let  us  fuppofe  a  traft  of  land,  or  fea,  of  per¬ 
haps  fixty  mile  fquare,  unfcreened  by  clouds,  and  un¬ 
fanned  by  winds,  during  great  part  of  a  fummer’s  day, 
or,  it  may  be,  for  feveral  days  fucceffively,  till  it  is  vio¬ 
lently  heated,  together  wifli  the  lower  region  of  air 
in  contaft  with  it,  fo  that  the  faid  lower  air  becomes 
fpecifically  lighter  than  the  fuperincumbent  higher  re¬ 
gion  of  the  atmoiphere,  in  which  the  clouds  commonly 
float :  Let  us  fuppofe,  alfo,  that  the  air  furrounding 
this  traft  has  not  been  fo  much  heated  during;  thofe 
days,  and,  therefore,  remains  heavier.  The  confe- 
quence  of  this  fhould  be,  as  I  conceive,  that  the  heated 
lighter  air,  being  prefled  on  all  fides,  muff  afcend,  and 
the  heavier  defcend  ;  and,  as  this  rifing  cannot  be  in  all 
parts,  or  the  whole  area  of  the  tract  at  once,  for  that 
would  leave  too  extenlive  a  vacuum,  the  rifing  will 
begin  precifely  in  that  column  thaf  happens  to  be  the 
lighted:,  or  moft  rarified ;  and  the  warm  air  will  flow 
horizontally  from  all  points  to  this  column,  where  the 
feveral  currents  meeting,  and  joining  to  rife,  a  whirl 
is  naturally  formed,  in  the  fame  manner  as  a  whirl  is 
formed  in  the  tub  of  water,  by  the  defcending  fluid 
flowing  from  all  fides  of  the  tub,  to  the  hole  in  the 
center.  And*, 
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And,  as  the  feveral  currents  arrive  at  this  central 
rifuig  column,  with  a  confiderable  degree  of  horizontal 
motion,  they  cannot  fuddenly  change  it  to  a  vertical 
motion  ;  therefore  as  they  gradually,  in  approaching 
the  whirl,  decline  from  right  to  curve  or  circular  lines, 
fo,  having  joined  the  whirl,  they  afcend  by  a  fpiral 
motion  1  in  the  fame  manner  as  the  water  defcends  fpi- 
raliy  through  the  hole  in  the  tub  before-mentioned. 

Laftly,  as  the  lower  air,  and  neareft  the  furface,  is 
mod  ratified  by  the  heat  of  the  fun,  that  air  is  moft 
afted  on  by  the  preffure  of  the  furrounding  cold  and 
heavy  air,  which  is  to  take  its  place;  confequently, 
its  motion  towards  the  whirl  is  fwi  ft  eft,  and  fo  the 
force  of  the  lower  part  of  the  whirl,  or  trump, 
ftrongeft,  and  the  centrifugal  force  of  its  particles 
greateft ;  and  hence  the  vacuum  round  the  axis  of  the 
whirl  fhould  be  greateft  near  the  earth  or  fea,  and  be 
gradually  diminifhed  as  it  approaches  the  region  of  the 
clouds,  till  it  ends  in  a  point,  as  at  P  in  Fig.  II.  Plate 
II.  forming  a  long  and  fharp  cone. 

In  Fig.  I.  which  is  a  plan  or  ground-plat  of  a  whirl¬ 
wind,  the  circle  V.  reprefents  the  central  vacuum. 

Between  a  a  a  a  and  b  b  b  b  I  fuppofe  a  body  of  air 
condenfed  ftrongly  by  the  preflure  of  the  currents 
moving  towards  it,  from  all  fides  without,  and  by  its 
centrifugal  force  from  within  ;  moving  round  with 
prodigious  fwiftnefs,  (having,  as  it  were,  the  momenta 

of  all  the  currents - > - > - >- - >  united  in 

itfelf )  and  with  a  power  equal  to  its  fwiftnefs  and  den- 
fity.  •  It 
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It  is  this  whirling  body  of  air  between  a  a  a  a  and 
b  b  b  b  that  rifes  fpirally*  by  its  force  it  tears  buildings 
to  pieces,  twifts  up  great  trees  by  the  roots,  &c.  and, 
by  its  fpiral  motion,  raifes  the  fragments  fo  high,  till 
the  preffure  of  the  furrounding  and  approaching  cur¬ 
rents  diminifhing,  can  no  longer  confine  them  to  the 
circle,  or  their  own  centrifeugal  force  encreafing,  grows 
too  ftrong  for  fuch  preffure,  when  they  fly  off  in  tan¬ 
gent  lines,  as  ftones  out  of  a  fling,  and  fall  on  all  Tides, 
and  at  great  diftances. 

If  it  happens  at  fea,  the  water  under  and  between 
a  a  a  a  and  b  b  b  b  will  be  violently  agitated  and  driven 
about,  and  parts  of  it  raifed  with  the  fpiral  current, 
and  thrown  about  fo  as  to  form  a  bufh-like  appear¬ 
ance. 

This  circle  is  of  various  diameters,  fometimes  very 
large. 

If  the  vacuum  paffes  over  water,  the  water  may  rife 
in  it  in  a  body,  or  column,  to  near  the  height  of  thir¬ 
ty-two  feet. 

If  it  paffes  over  houfes,  it  may  burft  their  windows 
or  walls  outwards,  pluck  off  the  roofs,  and  pluck  up 
the  floors,  by  the  fudden  rarefaction  of  the  air  con¬ 
tained  within  fuch  buildings ;  the  outward  preffure  of 
the  atmofphere  being  fuddenly  taken  oft  :  So  the 
{topp’d  bottle  of  air  burfts  under  the  exhaufted  receiver 
of  the  air  pump. 

Fig.  II.  is  to  reprefent  the  elevation  of  a  water- 
fpout,  wherein  I  fuppofe  P  P  F  to  be  the  cone,  at  firft 
a  vacuum,  till  W  W,  the  rifing  column  of  water,  has 

H  h  filled 
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filled  fo  much  of  it.  S  S  S  S,  the  fpiral  whirl  of  air 
furrounding  the  vacuum,  and  continued  higher  in  a 
clofe  column  after  the  vacuum  ends  in  the  point  P,  till 
it  reaches  the  cool  region  of  the  air.  B  B,  the  buflx 
defcribed  by  Stuart ,  furrounding  the  foot  of  the  co¬ 
lumn  of  water. 

Now,  I  fuppofe  this  whirl  of  air  will,  at  firft,  be 
as  invifible  as  the  air  itfelf,  though  reaching,  in  real- 
lity,  from  the  water,  to  the  region  of  cool  air,  in 
which  our  low  fummer  thunder  clouds  commonly 
float ;  but  prefently  it  will  become  vifible  at  its  extre¬ 
mities,  At  its  lower  end ,  by  the  agitation  of  the  water, 
under  the  whirling  part  of  the  circle,  between  P  and 
S.  forming  Stuart's  buffi,  and  by  the  fwelling  and  rifing 
of  the  water,  in  the  beginning  vacuum,  which  is,  at 
firft,  a  frnall,  low,  broad  cone,  whofe  top  gradually 
rifes  and  ftxarpens,  as  the  force  of  the  whirl  encreafes. 
At  its  upper  end  it  becomes  vifible,  by  the  warm  air 
brought  up  to  the  cooler  region,  where  its  moifture 
begins  to  be  condenfed  into  thick  vapour,  by  the  cold, 
and  is  feen  firft  at  A,  the  higheft  part,  which  being 
now  cooled,  condenfes  what  rifes  next  at  B,  which  con- 
denfes  that  at  C,  and  that  condenfes  what  is  rifing  at  D, 
the  cold  operating  by  the  contadl  of  the  vapours  fafter  in, 
a  right  line  downwards,  than  the  vapours  themfelves  can: 
climb  in  a  fpiral  line  upwards ;  they  climb,  however, 
and  as  by  continual  addition  they  grow  denfer,  and, 
confequently,  their  centrifugal  force  greater,  and  being 
rifen  above  the  concentrating  currents  that  compofe 
the  whirl,  they  fly  off,  fpread,  and  form  a  cloud. 
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It  feems  eafy  to  conceive,  how,  by  this  fucceflive 
condenfation  from  above,  the  fpout  appears  to  drop 
or  delcend  from  the  cloud,  though  the  materials  of 
which  it  is  compofed  are  all  the  while  afcending. 

The  condenfation  of  the  moifture  contained  in  fo 
great  a  quantity  of  warm  air  as  may  be  fuppofed  to 
rife  in  a  fhort  time  in  this  prodigioufly  rapid  whirl,  is, 
perhaps,  fufficient  to  form  a  great  extent  of  cloud, 
though  the  fpout  fhould  be  over  land,  as  thofe  at 
Hatfield ;  and  if  the  land  happens  not  to  be  very  dufty, 
perhaps  the  lower  part  of  the  fpout  will  fcarce  become 
vifible  at  all ;  though  the  upper,  or  what  is  commonly 
called  the  defcending  part,  be  very  diftindlly  feen. 

The  fame  may  happen  at  fea,  in  cafe  the  whirl  is 
not  violent  enough  to  make  a  high  vacuum,  and  raife 
the  column,  &c.  In  fuch  cafe,  the  upper  part  A  B  C  D 
only  will  be  vifible,  and  the  bufh,  perhaps,,  below. 

But  if  the  whirl  be  ftrong,  and  there  be  much  duft 
on  the  land,  and  the  column  W  W  be  raifed  from  the 
water,  then  the  lower  part  becomes  vifible,  and  fome- 
times  even  united  to  the  upper  part.  For  the  duft  may 
be  carried  up  in  the  fpiral  whirl,  till  it  reach  the  region 
where  the  vapour  is  condenfed,  and  rife  with  that  even 
to  the  clouds :  And  the  fridtion  of  the  whirling  air,  on 
the  fides  of  the  column  W  W,  may  detach  great  quan¬ 
tities  of  its  water,  break  it  into  drops,  and  carry  them 
up  in  the  fpiral  whirl  mixed  with  the  air  3  the  heavier 
drops  may,  indeed,  fly  off,  and  fall,  in  a  fliower,  round 
the  fpout  3  but  much  of  it  will  be  broken  into  vapour, 
yet  vifible  3  and  thus,  in  both  cafes,  by  duft  at  land, 
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and,  by  water  at  fea,  the  whole  tube  may  be  darkened 
and  rendered  vifible. 

As  the  whirl  weakens,  the  tube  may  (in  appearance) 
Teparate  in  the  middle  ;  the  column  of  water  fubfiding, 
'and  the  fuperior  condenfed  part  drawing  up  to  the 
•  cloud.  Yet  dill  the  tube,  or  whirl  of  air,  may  remain 
entire,  the  middle  only  becoming  invisible,  as  not  con¬ 
taining  vifible  matter. 

Dr.  Stuart  fays,  <c  It  yyas  obfervable  of  all  the  fpouts 
:'-<£  he  faw,  but  more  perceptible  of  the  great  one  ;  that, 
**  "towards  the  end,  it  began  to  appear  like  a  hollow 
4 £  "canal,  only  black  in  the  borders,  but  white  in  the 
middle;  and  though  at  firft  it  was  altogether  black 
£C  and  opaque,  yet,  now,  one  could  very  diftinctly 
u  perceive  the  fea-water  to  fly  up  along  the  middle  of 
v^cLthis  canal,  as  flnoak  up  a  chimney.” 

And  Dr.  Mather ,  deferibing  a  whirlwind,  fays,  ££  a 
ic  thick  dark  fmall  cloud  arofe,  with  a  pillar  of  light 
in  it,  of  about  eight  or  ten  feet  diameter,  and  pafled 
-£C  along  the  ground  in  a  tradf  not  wider  than  a  ftreet, 
<c  horribly  tearing  up  trees  byj  the  roots,  blowing  them 
£C  up  in  the  air  like  feathers,  and  throwing  up  ftones 
u  of  great  weight  to  a  confiderable  height  in  the  air, 
m  &cr 

Thefe  accounts,  the  one  of  water-Tpouts,  the  other 
-  of  a  whirlwind,  feem,  in  this  particular,  to  agree  ; 
what  one  Gentleman  defcribes  as  a  tube,  black  in  the 
•;  borders,  and  white  in  the  middle,  the  other  calls  a 
rblack  cloud,  with  a  pillar  of  light  in  it ;  the  latter  ex- 
rpreffion  has  only  a  little  more  of  the  marvellous,  but 
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the  -thing  is  the  fame  ;  and  it  feems  not  very  difficult 
to  understand.  When  Dr.  Stuart' s  fpouts  were  full 
charged,  that  is,  when  .the  whirling  pipe  of  air  was 
filled  between  aaaa  and  bbbb ,  Fig.  I.  with  quantities 
of  -drops,  and  vapour  torn  off  from  the  column  W  W, 
•Fig.  II.  the  whole  was  rendered  fo  dark,  as  :that  it 
.could  not  be  ieen 


through,  nor  the 
-Spiral  afeending  mo¬ 
tion  clifcovered ;  hut 
when  the  quantity 
afeending  leffended, 
the  -pipe  -became 
more  ,  trail  fp  ar  en  t , 

.and  the  afeending 
motion  vifible.  .For, 

-by  infipeftion  of  this 
•figure  in  the  margin,  reprdenting  a  fedtion  of  our 
fpout,  with  the  vacuum  in  the  middle.,  it.  is  plain  that 
if  we  look  at'fuch  a  hollov/  pipe  in  the  direction  of 
the  arrows,  and  fuppofe  opaque  particles  to  be  equally 
mixed  in  the  fpace  between  the  two  circular  lines, 
both  the  part  between  the  arrows  a  and  /v  and  that 
between  the  arrows  c  and  d,  will  appear  much  darker 
than  that  between  b  and  r,  as  there  muff  be  many 
more  of  -thole  opaque  particles  in  .the  .  line  of  vifion 
acrofs  the  Sales,,  than  ajerofs  the  middle.  It  is  thus 
that  a  hair  in  a  microfcope  evidently  appears  to  be  a 
pipe, -the  fides  Ihewing  darker  than  the  middle.  Dr. 
Mather  s  whirl  was  probably  filled  with  duff,  the  fides 
twere  very  dark,  but  the  vacuum  within  rendering 

the 
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the  middle  more  tranfparent,  he  calls  it  a  pillar  of 
light.  .  - 

It  was  in  this  more  tranfparent  part,  between  b  and 
c,  that  Stuart  could  fee  the  fpiral  motion  of  the  va¬ 
pours,  whofe  lines  on  the  neareft  and  fartheft  fide  of 
the  tranfparent  part  croffing  each  other,  reprefented 
fmoak  afcending  in  a  chimney ;  for  th  ,  quantity  being 
ftill  too  great  in  the  line  of  fight  through  the  fides 
of  the  tube,  the  motion  could  not  be  difcovered 
there,  and  fo  they  reprefented  the  folid  fides  of  the 
chimney. 

When  the  vapours  reach  in  the  pipe  from  the  clouds 
near  to  the  earth,  it  is  no  wonder  now  to  thofe  who 
underftand  Electricity,  that  flafhes  of  lightning  fhould 
defcend  by  the  fpout  as  in  that  of  Rome . 

But  you  objeCt,  If  water  may  be  thus  carried  into 
the  clouds,  why  have  we  no  fait  rains  ?  The  objection 
is  ftrong  and  reafonable,  and  I  know  not  whether  I 
can  anfwer  it  to  your  fatisfaCtion.  I  never  heard  but 
of  one  fait  rain,  and  that  was  where  a  fpout  pafled 
pretty  near  a  fhip,  fo  I  fuppofe  it  to  be  only  the  drops 
thrown  off  from  the  fpout,  by  the  centrifugal  force 
(as  the  birds  were  at  Hatfield)  when  they  had  been 
carried  fo  high  as  to  be  above,  or  to  be  too  flrongly 
centrifugal  for,  the  preflure  of  the  concurring  winds 
furrounding  it :  And,  indeed,  I  believe  there  can  be 
no  other  kind  of  fait  rain ;  for  it  has  pleafed  the 
goodnefs  of  God  fo  to  order  it,  that  the  particles  of 
air  will  not  attraCt  the  particles  of  fait,  though  they 
ftrongly  attraCt  water* 


Hence, 
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Hence,  though  all  metals,  even  gold,  may  be  united 
with  air,  and  rendered  volatile,  fait  remains  fixt  in  the 
fire,  and  no  heat  can  force  it  up  to  any  confiderable 
height,  or  oblige  the  air  to  hold  it.  Hence,  when  fait 
rifes,  as  it  will  a  little  way,  into  air  with  water,  there 
is  inftantly  a  feparation  made ;  the  particles  of  water 
adhere  to  the  air,  and  the  particles  of  fait  fall  down 
again,  as  if  repelled  and  forced  off  from  the  water  by 
fome  power  in  the  air;  or,  as  fome  metals  diffolved  in 
a  proper  menftruum,  will  quit  the  folvent  when  other 
matter  approaches,  and  adhere  to  that,  fo  the  water 
quits  the  fait,  and  embraces  the  air ;  but  air  will  not 
embrace  the  fait,  and  quit  the  water,  otherwife  our 
rains  would  indeed  be  lalt,  and  every  tree  and  plant 
on  the  face  of  the  earth  be  deftroyed,  with  all  the 

animals  that  depend  on  them  for  fubfiftence. - He 

who  hath  proportioned  and  given  proper  qualities  to 
all  things,  was  not  unmindful  of  this.  Let  us  adore 
Him  with  praife  and  thankfgiving ! 

By  fome  accounts  of  feamen,  it  feems  the  column  of 
water  W  W,  fometimes  falls  fuddenly ;  and  if  it  be, 
as  fome  fay,  fifteen  or  twenty  yards  diameter,  it  mull 
fall  with  great  force,  and  they  may  well  fear  for  their 
fliips.  By  one  account,  in  the  Lranf actions ,  of  a  fpout 
that  fell  at  Colne  in  Lancashire ,  one  would  think  the 
column  is  fometimes  lifted  off  from  the  water,  and 
carried  over  land,  and  there  let  fall  in  a  body;  but 
this,  I  fuppofe,  happens  rarely. 

Stuart  defcribes  his  fpouts  as  appearing  no  bigger 
than  a  maft,  and  fometimes  lefs ;  but  they  were  feen, 
at  a  league  and  a  half  diftance. 


I  think 
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I  think  I  formerly  read  in  Dumpier ,  or  fome  other 
voyager,  that  a  fpout,  in  its  progreffive  motion,  went 
over  a  ftiip  becalmed,  on  the  coaft  of  Guinea ,  and  firft 
threw  her  down  on  one  fide,  carrying  away  her  fore- 
maft,  then  fuddenly  whipped  her  up,  and  threw  her 
down  on  the  other  fide,  carrying  away  her  mizen-maft, 
and  the  whole  was  over  in  an  inftant.  I  fuppofe  the 
firft  mifchief  was  done  by  the  fore-fide  of  the  whirl, 
the  latter  by  the  hinder-fide,  their  motion  being 
contrary. 

I  fuppofe  a  whirlwind,  or  fpout,  may  be  ftationary, 
when  the  concurring  winds  are  equal ;  but  if  unequal, 
the  whirl  acquires  a  progreffive  motion,  in  the  direc¬ 
tion  of  the  ftrongeft  prelfure. 

When  the  wind  that  gives  the  progreffive  motion, 
becomes  ftronger  below  than  above,  or  above  than 
below,  the  fpout  will  be  bent,  and  the  caufe  ceafing, 
ftraiten  again. 

Your  Queries,  towards  the  end  of  your  paper,  ap¬ 
pear  judicious,  and  worth  confidering.  At  prefent  I 
am  not  furnifhed  with  faCts  fufficient  to  make  any 
pertinent  anfwer  to  them  5  and  this  paper  has  already 
a  fufficient  quantity  of  conjecture. 

Your  manner  of  accommodating  the  accounts  to 
your  hypothefis  of  defcending  fpouts,  is,  I  own,  in¬ 
genious  ;  and  perhaps  that  hypothefis  may  be  true.  I 
will  confider  it  farther,  but,  as  yet,  I  am  not  fatisfied 
with  it,  though  hereafter  I  may  be. 

Here  you  have  my  method  of  accounting  for  the 
principal  phenomena,  which  I  fubmit  to  your  candid 
examination. 


And 
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And  as  I  now  feem  to  have  almoft  written  a  book, 
inftead  of  a  letter,  you  will  think  it  high  time  I  Ihould 
conclude;  which  I  beg  leave  to  do,  with  alluring  you 
that  .  ')Ut\  * 

I  am  Sir ,  &c. 

B.  F. 
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From  Doctor  M- - r, 

T  O 

9 

f  * 

Benj.  Franklin,  Efq\  at  Philadelphia 

X  :nii<  .  -Si 

SIR,  New-Brunfwick ,  November  ii,  1752, 

Read  at  the  Royal  "tt  ^  M  favoured  with  your  letter  of  the 
1756. Y’  1.  2d  inftant,  and  fhall,  with  pleafure> 
comply  with  your  requeft,  in  defcribing  (as  well  as 
my  memory  ferves  me)  the  water -fpout  I  faw  at  An¬ 
tigua  \  and  fhall  think  this,  or  any  other  fervice  I  can 
do,  well  repaid,  if  it  contributes  to  your  fatisfadtion 
in  fo  curious  a  difquifition. 

I  i 
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I  had  often  feen  water-fpouts  at  a  diftance,  and 
heard  many  ftrange  ftories  of  them,  but  never  knew 
any  thing  fatisfaflory  of  their  nature  or  caufe,  until 
that  which  I  faw  at  Antigua ;  which  convinced  me 
that  a  water-fpout  is  a  whirlwind,  which  becomes 
Vifible  in  all  its  dimenfions  by  the  water  it  carries  up 
with  it. 

There  appeared,  not  far  from  the  mouth  of  the 
harbour  of  St.  Johns ,  two  or  three  water-fpouts,  one 
of  which  took  its  courfe  up  the  harbour.  Its  pro- 
gr d!ive  motion  was  flow  and  unequal,  not  in  a  flrait 
line,  but,  as  it  were,  by  jerks  or  ftarts.  When  juft 
by  the  wharf  I  flood  about  ioo  yards  from  it.  There 
appeared  in  the  water  a  circle  of  about  twenty  yards 
diameter,  which,  to  me,  had  a  dreadful,  tho’  pleafmg 
appearance.  The  water  in  this  circle  was  violently 
agitated,  being  whilked  about,  and  carried  up  into  the 
air  with  great  rapidity  and  noife,  and  reflefted  a  luftre, 
as  if  the  fun  fhined  bright  on  that  fpot,  which  was 
more  confpicuous,  as  there  appeared  a  dark  circle 
around  it.  When  it  made  the  fhore,  it  carried  up 
with  the  fame  violence  fhingles,  ftaves  *,  large  pieces 
of  the  roofs  of  houfes,  &c.  and  one  fmall  wooden 
houfe  it  lifted  entire  from  the  foundation  on  which  it 
flood,  and  carried  it  to  the  diftance  of  fourteen  feet, 
where  it  fettled  without  breaking  or  overfetting ;  and, 
what  is  remarkable,  though  the  whirlwind  moved 

*  I  fuppofe  fhingles,  ftaves,  timber,  and  other  lumber,  might  be  lying 
in  quantities  on  the  wharf,  for  fale,  as  brought  from  the  Northern  co¬ 
lonies.  B.  F. 

from 
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from  Weft  to  Eaft,  the  houfe  moved  from  Eaft  to 
Weft.  Two  or  three  negroes  and  a  white  woman, 
were  killed  by  the  fall  of  timber,  which  it  carried 
up  into  the  air,  and  dropt  again.  After  palling  thro’ 
the  town,  I  believe  it  was  foon  diffipated  ;  for,  except 
tearing  a  large  limb  from  a  tree,  and  part  of  the  cover 
of  a  fugar-work  near  the  town,  I  do  not  remember 
any  farther  damage  done  by  it.  I  conclude,  wilhing 
you  fuccefs  in  your  enquiry, 

And  am ,  &c. 


W.  ML 


li  2 
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LETTER  XXIL 

'.t'jVC  j  '•?•■  1‘-  '• T.  ■  .  ;  - 

FROM 

1 1  ,  f  ,  r  t‘  >•  <  » 

i  wt  ^  -•  •  -  .  '*>••• 

Dodtor - ,  of  Bofton , 

T  O 


Benjamin  Franklin,  Efq;  of  Philadelphiao 

t,  A  •’  -  fi  ’■  V 


£  I  R ,  Bojion ,  Afqy  14,  1753. 

^society16^7?1  T"  Received  your  letter  of  April  laft,  and 
1756.*’  A  thank  you  for  it.  Several  things  in 
it  make  me  at  a  lofs  which  fide  the  truth  lies  on,  and 
determine  me  to  wait  for  farther  evidence. 

As  to  fhooting  ftars,  as  they  are  called,  I  know  very 
little,  and  hardly  know  what  to  fay.  I  imagine  them 
to  be  palfes  of  eledtric  fire  from  place  to  place  in  the 
atmofphere,  perhaps  occafioned  by  accidental  preffures 
of  a  non-eledtric  circumambient  fluid,  and  fo  by  pro- 
pulfion,  or  allicited  by  the  circumftance  of  a  diftant 
quantity  minus  eledtrified,  which  it  fhoots  to  fupply, 
and  becomes  apparent  by  its  contradted  paflage  thro' 
a  non-efedtrie  medium.  Eledtric  fire  in  our  globe  is 
always  in  action,  fometimes  afcending,  defcending,  or 

paffing 
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palling  from  region  to  region.  I  fuppofe  it  avoids  too 
dry  air,  and  therefore  we  never  fee  thefe  fhoots  afcend. 
It  always  has  freedom  enough  to  pafs  down  unob- 
ferved,  but,  I  imagine,  not  always  fo,  to  pafs  to  dif- 
tant  climes  and  meridians  lefs  ftored  with  it. 

The  fhoots  are  fometimos  all  one  way,  which,  in  the 
laft  cafe,  they  fhould  be. 

Poffibly  there  may  be  collections  of  particles  in  our 
atmofphere,  which  gradually  form,  by  attraction,  either 
fimilar  ones  per  fe,  or  diffimilar  particles,  by  the  in¬ 
tervention  of  others.  But  then,  whether  they  fhoot 
or  explode  of  themfelves,  or  by  the  approach  of  fome 
fuitable  foreign  collection,  accidentally  brought  near 
by  the  ufual  commotions  and  interchanges  of  our  at¬ 
mofphere,  efpecially  when  the  higher  and  lower  regions 
intermix,  before  change  of  winds  and  weather,  I 
leave. 

I  believe  I  have  now  faid  enough  of  what  I  know 
nothing  about.  If  it  fhould  ferve  for  your  amufement, 
or  any  way  oblige  you,  it  is  all  I  aim  at,  and  lhall,  at 
your  defire,  be  always  ready  to  fay  what  I  think,  as  I 
am  fure  of  your  candour. 

I  am, 


A  fubfeque&t 
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yf  fubfequent  PA  PER  from  the  fame • 

Read  at  thejioyai£^i  poUTS  have  been  generally  believed 

Society,  July  8,%,  °  f  ,  J  , 

1756,  alcents  or  water  from  below,  to  the 

region  of  the  clouds,  and  whirlwinds  the  means  of 
conveyance.  The  world  has  been  very  well  fatisfied 
with  thefe  opinions,  and  prejudiced  with  refpeft  to  any 
obfervations  about  them.  Men  of  learning  and  capa¬ 
city  have  had  many  opportunities  in  palling  thofe  re¬ 
gions  where  thefe  phenomena  were  moll:  frequent, 
but  feem  induftrioufly  to  have  declined  any  notice  of 
them,  unlefs  to  efcape  danger,  as  a  matter  of  mere  im¬ 
pertinence  in  a  cafe  fo  clear  and  certain  as  their  nature 
and  manner  of  operation  are  taken  to  be.  Hence  it 
has  been  very  difficult  to  get  any  tolerable  accounts  of 
them.  None  but  thofe  they  fell  near  can  inform  us  any 
thing  to  be  depended  on  ;  thiee  or  four  fuch  inftances 
follow,  where  the  veffels  were  fo  near,  that  their  crews 
could  not  avoid  knowing  fomething  remarkable  with 
refpect  to  the  matters  in  queftion. 

Capt.  John  Wakefield ,  junior,  palling  the  Straits  of 
Gibraltar ,  had  one  fall  by  the  lide  of  his  Ihip ;  it  came 
down  of  a  hidden,  as  they  think,  and  all  agree  the 
defcent  was  certain. 


* 


Capt.  Langjlaff, \  on  a  voyage  to  the  TVejl  bidies ,  had 
ene  come  acrofs  the  ftern  of  his  veffel,  and  palled  away 
from  him.  The  water  came  down  in  fuch  quantity 
that  the  prefent  Capt.  Melting ,  who  was  then  a  common 
failor  at  helm,  fays  it  almoft  drowned  him,  running 
into  his  mouth,  nofe,  ears,  &c.  and  adds,  that  it  tailed 
perfectly  frefh. 

One  palled  by  the  fide  of  Capt.  Howland's  fhip,  fo 
near  that  it  appeared  pretty  plain  that  the  water  de¬ 
fended  from  firft  to  laid. 

Mr.  Robert  Spring  was  fo  near  one  in  the  Straits  of 
Malacca ,  that  he  could  perceive  it  to  be  a  fmall  very" 
thick  rain. 

All  thefe  affine  me,  that  there  was  no  wifid  drawing 
towards  them,  nor  have  I  found  any  others  that  have 
obferved  fuch  a  wind. 

It  feems  plain,  by  thefe  few  inftances,  that  whirl¬ 
winds  do  not  always  attend  fpouts  ,  and  that  the  wa¬ 
ter  really  defends  in  fome  of  them.  But  the  follow¬ 
ing  confideration,  in  confirmation  of  this  opinion, 
may,  perhaps,  render  it  probable  that  all  fpouts  are 
defcents. 

It  feems  unlikely  that  there  fhould  be  two  forts  of 
fpouts,  one  afcending  and  the  other  defending. 

It  has  not  yet  been  proved  that  any  one  fpout  ever 
afcended.  A  fpecious  appearance  is  all  that  can  be 
produced  in  favour  of  this  ;  and  thofe  who  have  been 
moft  pofitive  about  it,  were  at  more  than  a  league’s 
diffance  when  they  obferved,  as  Stuart  and  others,  if  I 
am  not  miftaken.  However,  I  believe  it  impoffible 

to 
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to  be  certain  whether  water  afcends  or  defcends  at  half 
the  diftance. 

It  may  not  be  amifs  to  confider  the  places  where  they 
happen  moft.  Thefe  are  fuch  as  are  liable  to  calms 
from  departing  winds  on  both  fides,  as  on  the  borders 
of  the  fEquino&ial  trade,  calms  on  the  coaft  of  Guinea, , 
in  the  Straits  of  Malacca ,  &c.  places  where  the  under 
region  of  the  atmofphere  is  drawn  off  horizontally.  I 
think  they  don’t  come  where  the  calms  are  without 
departing  winds  3  and  I  take  the  reafon  to  be,  that  fuch 
places,  and  places  where  winds  blow  towards  one  ano¬ 
ther,  are  liable  to  whirlwinds,  or  other  afcents  of  the 
lower  region,  which  I  fuppofe  contrary  to  fpouts. 
But  the  former  are  liable  to  defcents,  which  I  take  to 
be  necelfary  to  their  produdtion.  Agreeable  to  this,  it 
feems  reafonable  to  believe,  that  any  Mediterranean  fea 
fhould  be  more  fubjeft  to  fpouts  than  others.  The  fea 
ufually  fo  called  is  fo.  The  Straits  of  Malacca  is. 
Some  large  gulphs  may  probably  be  fo,  in  fuitable  la¬ 
titudes  3  fo  the  Red  Sea}  See.  and  all  for  this  reafon, 
that  the  heated  lands  on  each  fide,  draw  off  the  under 
region  of  the  air,  and  make  the  upper  defeend,  whence 
fudden  and  wonderful  condensations  may  take  place, 
and  make  thefe  defcents. 

It  feems  to  me,  that  the  manner  of  their  appearance 
and  procedure,  favour  the  notion  of  a  defeent. 

More  or  lefs  of  a  cloud,  as  I  am  informed,  always 
appears  over  the  place  firft  3  then  a  fpattering  on  the 
furface  of  the  water  below  3  and  when  this  is  advanced 
to  a  confider  able  degree,  the  fpout  emerges  from  the 

cloud. 


249 


On  Fhilofophiccil  Subjects. 

cloud,  and  defcends,  and  that,  if  the  caufes  are  fuf- 
ficient,  down  to  the  places  of  {pattering,  with  a  roar¬ 
ing  in  proportion  to  the  quantity  of  the  difcharge  ; 
then  it  abates,  or  flops,  fometimes  more  gradually, 
fometimes  more  fuddenly. 

I  muft  obferve  a  few  things  on  thefe  particulars,  to 
fliew  how  I  think  they  agree  with  my  hypothefis 

The  preceding  cloud  over  the  place  fhews  condenfa- 
tion,  and,  confequcntly,  tendency  downwards,  which 
therefore  muft  naturally  prevent  any  afcent.  Befides 
that,  fo  far  as  I  can  learn,  a  whirlwind  never  comes 
under  a  cloud,  but  in  a  clear  fky. 

The  fpattering  may  be  eafily  conceived  to  be  caufed 
by  a  ftream  of  drops,  falling  with  great  force  on  the 
place,  imagining  the  fpout  to  begin  fo,  when  a  fudden 
and  great  condenfation  happens  in  a  contrafted  lpace, 
as  the  Ox-Eye  on  the  coaft  of  Guinea . 

The  fpout  appearing  to  defcend  from  the  cloud 
feems  to  be,  by  the  ftream  of  nearly  contiguous  drops 
bringing  the  air  into  confent,  fo  as  to  carry  down  a 
quantity  of  the  vapour  of  the  cloud ;  and  the  pointed 
appearance  it  makes  may  be  from  the  defcending  courfe 
being  fwifteft  in  the  middle,  or  center  of  the  fpout. 
This  naturally  drawing  the  outer  parts  inward,  and 
the  center  to  a  point ;  and  that  will  appear  foremoft 
that  moves  fwifteft.  The  phaenomenon  of  retiring 
and  advancing,  I  think  may  be  accounted  for,  by  fup- 
pofing  the  progreffive  motion  to  exceed  or  not  equal 
the  confumption  of  the  vapour  by  condenfation.  Or 
more  plainly  thus :  The  defcending  vapour  which 

K  k  forms 
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forms  the  apparent  fpout,  if  it  be  flow  in  its  progrefs 
downwards,  is  condenfed  as  faft  as  it  advances,  and  fo 
appears  at  a  ftand;  when  it  is  condenfed  fafter  than  it 
advances,  it  appears  to  retire  ;  and  vice  verfa . 

Its  duration,  and  manner  of  ending,  are  as  the  caufes, 
and  may  vary  by  feveral  accidents. 

The  cloud  itfelf  may  be  fo  circumftanced  as  to  flop 
it;  as  when,  extending  wide,  it  weighs- down  at  a  dis¬ 
tance  round  about,  while  a  fmall  circle  at  the  fpout 
being  exonerated  by  the  difcharge,  afcends  and  flints 
up  the  paflage.  A  new  determination  of  wind  may, 
perhaps,  flop  it  too.  Places  liable  to  thefe  appear¬ 
ances  are  very  liable  to  frequent  and  hidden  alterations 
of  it. 

Such  accidents  as  a  clap  of  thunder,  firing  cannon, 
&c.  may  flop  them,  and  the  reafon  may  be,  that  any 
fliock  of  this  kind  may  occafion  the  particles  that  are 
near  cohering,  immediately  to  do  fo;  and  then  the 
whole,  thus  condenfed  falls  at  once  (which  is  what  I 
fuppofe  is  vulgarly  called  the  breaking,  of  the  fpout) 
and  in  the  interval,  between  this  period  and  that  of 
the  next  fet  of  particles  being  ready  to  unite,  the 
fpout  flints  up.  So  that  if  this  reafoning  is  juft,  thefe 
phenomena  agree  with  my  hypothefis. 

The  ufual  temper  of  the  air,  at  the  time  of  their 
appearance,  if  I  have  a  right  information,  is  for  me 
to ;  it  being  then  pretty  cool  for  the  feafon  and  cli¬ 
mate  ;  and  this  is  worth  remark,  becaufe  cool  air  is 
weighty,  and  will  not  afcend;  befides,  when  the  air 
grows  cool,  it  fhews  that  the  upper  region  defcends, 

and 
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and  conveys  this  temper  down  ‘  and  when  the  tempers 
are  equal,  no  whirlwind  can  take  place.  But  fpouts 
have  been  known,  when  the  lower  region  has  been 
really  cold.  Gordon's  fpout  in  the  'Downs  is  an  inftance 
Of  this — {Vide  Philofophical  Tranfdffiions ) — where  the 
upper  region  was  probably  not  at  all  cooler,  if  fo  cold 
as  the  lower  :  It  was  a  cold  day  in  the  month  of  March , 
hail  followed,  but  not  fnow  ;  and  it  is  obfcrvable,  that, 
not  fo  much  as  hail  follows  or  accompanies  them  in 
moderate  feafons  or  climes,  when  and  where  they  are 
moll  frequent.  However,  it  is  not  improbable,  that 
juft  about  the  place  of  defeent  may  be  cooler  than  the 
neighbouring  parts,  and  fo  favour  the  wonderful  cele¬ 
rity  of  condenfation.  But,  after  all,  ftiould  we  allow 
the  under  region  to  be  ever  fo  much  the  hotteft,  and  a 
whirlwind  to  take  place  in  it  :  Suppofe  then  the  fea- 
water  to  afeend,  it  would  certainly  cool  the  fpout,  and 
then,  query,  whether  it  would  not  very  much,  if  not 
wholly,  obftruft  its  progrefs. 

It  commonly  rains  when  fpouts  difappear,  if  it  did 
not  before,  which  it  frequently  does  not,  by  the  beft 
accounts  I  have  had  ;  but  the  cloud  encreafes  much 
fafter  after  they  difappear,  and  it  loon  rains.  The  firft 
fhews  the  fpout  to  be  a  contracted  rain,  inftead  of  the 
diffufed  one  that  follows ;  and  the  latter  that  the  cloud 
was  not  formed  by  afeending  water,  for  then  it  would 
have  ceafed  growing  when  the  fpout  vanifhed. 

However,  it  feems  that  fpouts  have  fometimes  ap¬ 
peared  after  it  began  to  rain ;  but  this  is  one  way  a 
proof  of  my  hypothefis,  viz .  as  whirlwinds  don’t  come 
under  a  cloud. 
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•  »  ■  ,{  ■  '  ' 

I  forgot  to  mention,  that  the  increafe  of  cloud, 

while  the  fjpout  fubfifts,  is  no  argument  of  an  afcent 
of  water,  by  the  fpout.  Since  thunder  clouds  forne- 
times  encreafe  greatly  while  it  rains  very  hard. 

Divers  effeCts  of  fpouts  feem  not  fo  well  accounted 
for  any  other  way  as  by  defcent. 

The  bufti  round  the  feet  of  them  feems  to  be  a  great 
fpray  of  water  made  by  the  violence  of  defcent,  like 
that  in  great  falls  of  water  from  high  precipices. 

The  great  roar,  like  fome  vaft  inland  falls,  is  fo  dif¬ 
ferent  from  the  roar  of  whirlwinds,  by  all  accounts, 
as  to  be  no  ways  compatible. 

The  throwing  things  from  it  with  great  force,  in- 
ftead  of  carrying  them  up  into  the  air,  is  another  dif¬ 
ference. 

There  feems  fome  probability  that  the  failors  tradi¬ 
tionary  belief  that  fpouts  may  break  in  their  decks, 
and  fo  deftroy  veftels,  might  originate  from  fome  faCts 
of  that  fort  in  former  times.  This  danger  is  apparent 
on  my  hypothefis,  but  it  feems  not  fo  on  the  other: 
And  my  reafon  for  it  is,  that  the  whole  column  of  a 
fpout  from  the  fea  to  the  clouds,  cannot,  in  a  natural 
way,  even  upon  the  largeft  fuppofition,  fupport  more 
than  about  three  feet  water,  and  from  truly  fuppofe- 
able  caufes,  not  above  one  foot,  as  may  appear  more 
plainly  by  and  by.  Suppofmg  now  the  largeft  of  thefe 
quantities  to  rife,  it  muft  be  diffeminated  into  drops, 
from  the  furface  of  the  fea  to  the  region  of  the  clouds, 
or  higher  ;  for  this  reafon  it  is  quite  unlikely  to  be  col¬ 
lected  into  maffes,  or  a  body,  upon  its  falling ;  but 
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would  defcend  in  progreflion  according  to  the  feveral 
degrees  of  altitude  the  different  portions  had  arrived 
at  when  it  received  this  new  determination. 

Now  that  there  cannot  more  rife  upon  the  common 
hypothecs  than  I  have  mentioned,  may  appear  pro¬ 
bable,  if  we  attend  to  the  only  efficient  caufe  in  fup~ 
pofed  afcending  fpouts,  viz.  whirlwinds. 

We  know  that  the  rarefaftion  of  the  lower,  and  the 
condenfation  of  the  upper  region  of  air,  are  the  only 
natural  caufes  of  whirlwinds.  Let  us  then  fuppofe 
the  former  as  hot  as  their  greateft  fummer  heat  in 
England ,  and  the  latter  as  cold  as  the  extent  of  their 
winter.  Thefe  extremes  have  been  found  there  to 
alter  “the  weight  of  the  air  one-tenth,  which  is  equal 
to  a  little  more  than  three  feet  water.  Were  this  cafe 
poffible,  and  a  whirlwind  take  place  in  it,  it  might 
aft  with  a  force  equal  to  the  mentioned  difference. 
But  as  this  is  the  whole  ftrength,  fo  much  water  could 
not  rife ;  therefore  to  allow  it  due  motion  upwards, 
we  muff;  abate,  at  leaft,  one-fourth  part,  perhaps 
more,  to  give  it  fuch  a  fwift  afcenfion  as  fome  think 
ufuai.  But  here  feveral  difficulties  occur,  at  leaft  they 
are  fo  to  me.  As,  whether  this  quantity  would  ren¬ 
der  the  fpout  opaque  ?  Since  it  is  plain  that  in  drops 
it  could  not  do  fo.  flow,  or  by  what  means  it  may 
be  reduced  fmall  enough  ?  Or,  if  the  water  be  not 
reduced  into  vapour,  what  will  fufpend  it  in  the  region 
of  the  clouds  when  exonerated  there  ?  And,  if  va¬ 
pourized  while  afcending,  how  it  can  be  dangerous 
by  what  they  call  the  breaking ?  For  it  is  difficult  to 
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conceive  how  a  condenfative  power  fnould  inffantait&& 
oufly  take  place  of  a  rarifying  and  diffeminating  one. 

The  hidden  fall  of  the  'fpout,  or,  rather,  the  hid¬ 
den  ceafing  of  it,  1  accounted  for,  in  my  way,  before. 
But  it  feems  neceffary  to  mention  fomething  I  then 
forgot.  Should  it  be  laid  to  do  fo,  (i.  e.J  to  fall,  be- 
caufe  all  the  lower  rarified  air  is  afcended,  whence  the 
whirlwind  mull  ceafe,  and  its  burden  drop;  1  cannot 
agree  to  this,  unlefs  the  air  be  obferved  on  a  hidden 
to  have  grown  much  colder,  which  I  cannot  learn  has 
been  the  cafe.  Or  fhould  it  be  fuppofed  that  the  fpout 
was,  on  a  hidden,  obftrudted  at  the  top,  and  this  the 
caufe  of  the  fall,  however  plauhble  this  might  appear, 
yet  no  more  water  would  fall  than  what  was  at  the 
fame  time  contained  in  the  column,  which  is  often, 
by  many  and  fatisfaftory  accounts  to  me,  again  far 
from  being  the  cafe. 

We  are,  I  think,  fufficiently  allured,  that  not  only 
tons,  but  lcores  or  hundreds  of  tons  defcend  in  one 
fpout.  Scores  of  tons  more  than  can  be  contained  in 
the  trunk  of  it,  fhould  we  fuppofe  water  to  afcend. 

But,  after  all,  it  does  not  appear  that  the  above- 
mentioned  different  degrees  of  heat  and  cold  concur 
in  any  region  where  fpouts  ufually  happen,  nor,  in* 
deed,  in  any  other. 
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Read  at  the  Royal  «  AIR  and  water  mutually  attraft 
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1756.  JL  jL  each  other,  (faith  Mr.  F.)  hence 

water  will  diffolve  in  air,  as  fait  in  water.”  I  think 
that  he  hath  demonftrated,  that  the  fupporting  of  fait 
in  water  is  not  owing  to  its  fuperficies  being  increafed, 
becaufe  £C  the  fpecific  gravity  of  fait  is  not  altered  by 
dividing  of  it,  any  more  than  that  of  lead,  fixteen 
bullets  of  which,  of  an  ounce  each,  weigh  as  much 
in  water  as  one  of  a  pound.  But  yet,  when  this  came 
to  be  applied  to  the  fupporting  of  water  in  air,  I 
found  an  objection  rifing  in  my  mind. 

In  the  firft  place,  I  have  always  been  loth  to  feek 
for  any  new  hypothecs,  or  particular  law  of  nature,, 
to  account  for  any  thing  that  may  be  accounted  for 
from  the  known,  general,  and  univerfal  law  of  na¬ 
ture  ;  it  being  an  argument  of  the  infinite  wifdom  of 
the  Author  of  the  World,  to  cfiect  fo  many  things  by 
one  general  law.  Now  I  had  thought  that  the  rifing 
and  lupport  of  water  in  air,  might  be  accounted  for 
from  the  general  law  of  gravitation,  by  only  fuppofing 
the  fpaces  occupied  by  the  fame  quantity  of  water 
increafed..  »  :  : 
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And,  with  refpeft  to  the  lead,  I  queried  thus  in  my 
own  mind  j,  whether  if  the  fuperficies  of  a  bullet  of 
lead  fhould  be  increafed  four  or  five  fold  by  an  in¬ 
ternal  vacuity,  it  would  weigh  the  fame  in  water  as 
before.  I  mean,  if  a  pound  of  lead  fhould  be  formed 
into  a  hollow  globe,  empty  within,  whofe  fuperficies 
fhould  be  four  or  five  times  as  big  as  that  of  the  fame 
lead  when  a  folid  lump,  it  would  weigh  as  much  in 
water  as  before.  I  fuppofed  it  would  not.  If  this 
concavity  was  filled  with  water,  perhaps  it  might ; 
if  with  air,  it  would  weigh  at  leaft  as  much  lefs,  as 
this  difference  between  the  weight  of  that  included 
•  air,  and  that  of  water. 

Now  although  this  would  do  nothing  to  account 
for  the  diflolution  of  fait  in  water,  the  fmalleft  lumps 
of  fait  being  no  more  hollow  fpheres,  or  any  thing 
of  the  like  nature  than  the  greateft;  yet,  perhaps,  it 
might  account  for  water’s  rifing  and  being  fupported 
in  air.  For  you  know  that  fuch  hollow  globules,  or 
bubbles,  abound  upon  the  furface  of  the  water,  which 
even  by  the  breath  of  our  mouths,  we  can  caufe  to 
quit  the  water,  and  rife  in  the  air. 

Thefe  bubbles  I  ufed  to  fuppofe  to  be  coats  of  water, 
containing  within  them  air  rarified  and  expanded  with 
fire,  and  that,  therefore,  the  more  friftion  and  dafh- 
ing  there  is  upon  the  furface  of  the  waters,  and  the 
more  heat  and  fire,  the  more  they  abound. 

And  I  ufed  to  think,  that  although  water  be  fpeci- 
fically  heavier  than  air,  yet  fuch  a  bubble,  filled  only 
with  fire  and  very  rarified  air,  may  be  lighter  than  a 
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quantity  of  common  air,  of  the  fame  cubical  dimen- 
fions,  and,  therefore,  afcend;  for  the  rarified  air  in- 
cloled,  may  more  fall  fhort  of  the  fame  bulk  of  com¬ 
mon  air,  in  weight,  than  the  watery  coat  exceeds  a 
like  bulk  of  common  air  in  gravity. 

This  was  the  objection  in  my  mind,  though,  I  mud 
confefs,  I  know  not  how  to  account  for  the  watery 
coat’s  encompaffing  the  air,  as  above-mentioned,  with¬ 
out  allowing  the  attraction  between  air  and  water, 
which  the  Gentleman  fuppofes ;  fo  that  I  do  not  know 
but  that  this  objection  examined  by  that  fagacious 
Genius,  will  be  an  additional  confirmation  of  the 
hypothefis. 

The  Gentleman  obferves,  cc  That  a  certain  quantity 
of  moifture  fhould  be  every  moment  difcharged  and 
taken  away  from  the  lungs ;  and  hence  accounts  for 
the  fuffocating  nature  of  fluffs  of  candles,  as  im¬ 
pregnating  the  air  with  greafe,  between  which  and 
water  there  is  a  natural  repellency  ;  and  of  air  that 
hath  been  frequently  breathed  in,  which  is  overloaded 
with  water,  and,  for  that  reafon,  can  take  no  more 
air.  Perhaps  the  fame  obfervation  will  account  for 
the"  fuffocating  nature  of  damps  in  wells. 

But  then  if  the  air  can  fupport  and  take  oft*  but 
fuch  a  proportion  of  water,  and  it  is  neceflary  that 
water  be  fo  taken  off  from  the  lungs,  I  queried  with 
myfelf  how  it  is  we  can  breathe  in  an  air  full  of  va¬ 
pours,  1b  full  as  that  they  continually  precipitated. 
Do  not  we  fee  the  air  overloaded,  and  cafting  forth 
water  plentifully  when  there  is  no  fuffocation  ? 

L  1 


The 


Letters  and  Papers 


258 

Then  Gentleman  again  obferves,  “  That  the  air 

<v 

cc  under  the  Equator,  and  between  the  Tropics,  being 
££  conftantly  heated  and  rarified  by  the  fun,  rifes ;  its 
££  place  is  fupplied  by  air  from  Northern  and  Southern 
£C  latitudes,  which  coming  from  parts  where  the  air 
££  and  earth  had  lefs  motion,  and  not  fuddenly  ac- 
££  quiring  the  quicker  motion  of  the  equatorial  earth, 
££  appears  an  Eaft  wind  blowing  Weftward;  the  earth 
*c  moving  from  Weft  the  Eaft,  and  flipping  under 
£S  the  air.” 

In  reading  this,  two  objedtions  occurred  to  my  mind  : 

Firft,  That  it  is  faid,  the  trade-wind  doth  not  blow 
in  the  forenoon,  but  only  in  the  afternoon. 

Secondly,  That  either  the  motion  of  the  Northern 
and  Southern  air  towards  the  Equator  is  fo  flow,  as 
to  acquire  almoft  the  fame  motion  as  the  equatorial 
air  when  it  arrives  there,  fo  that  there  will  be  no 
fenfible  difference ;  or  elfe  the  motion  of  the  Northern 
and  Southern  air  towards  the  Equator,  is  quicker,  and 
muft  be  fenfible  ;  and  then  the  trade-wind  muft  ap¬ 
pear  either  as  a  South-Eaft  or  North-Eaft  wind  :  South 
of  the  Equator,  a  South-Eaft  wind  ;  North  of  the 
Equator,  a  North-Eaft.  For  the  apparent  wind  inuft 
be  compounded  of  this  motion  from  North  to  South, 
or  vice  verfa ;  and  of  the  difference  between  its  motion 
from  Weft  to  Eaft,  and  that  of  the  equatorial  air. 
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R<SocietyhcjVwy41  ^  f  I  ^  H  E  fuppofmg  a  mutual  at- 
1756.  JL  traction  beween  the  particles 

of  water  and  air,  is  not  introducing  a  new  law  of  na¬ 
ture  5  fuch  attraftions  taking  place  in  many  other 
known  inftances. 

2dly.  Water  is  fpecifically  850  times  heavier  than 
air.  To  render  a  bubble  of  water,  then,  fpecifically 
lighter  than  air,  it  feems  to  me  that  it  muft  take  up 
more  than  850  times  the  fpace  it  did  before  it  formed 
the  bubble ;  and  within  the  bubble  fhould  be  either  a 
vacuum  or  air  rarified  more  than  850  times.  If  a  va¬ 
cuum,  would  not  the  bubble  be  immediately  crufhed 
by  the  weight  of  the  atmofphere  ?  And  no  heat,  we 
know  of,  will  rarify  air  any  thing  near  fo  much  ; 
much  lefs  the  common  heat  of  the  fun,  or  that  of 
friftion  by  the  dafhing  on  the  furface  of  the  water. 
Befides,  water  agitated  ever  fo  violently,  produces  no 
heat,  as  has  been  found  by  accurate  experiments. 

3 dly .  A  hollow  fphere  of  lead  has  a  firmnefs  and 
confiftency  in  it,  that  a  hollow  fphere  or  bubble  of 
fluid  unfrozen  water  cannot  be  fuppofed  to  have.  The 
lead  may  fupport  the  preflure  of  the  water  it  is  im- 
merged  in,  but  the  bubble  could  not  fupport  the  pref- 
fure  of  the  air,  if  empty  within. 

'>f  :  0  L  1  2  4thly. 
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4th ly.  Was  ever  a  vifible  bubble  feen  to  rife  in  air? 
1  have  made  many,  when  a  boy,  with  foap-fuds  and  a 
tobacco-pipe;  but  they  all  defcended  when  loofe  from 
the  pipe,  though  {lowly,  the  air  impeding  their  mo¬ 
tion,  They  may,  indeed,  be  forced  up  by  a  wind 
from  below,  but  do  not  rife  of  themfelves,  though 
filled  with  warm  breath. 

5thly.  The  objection  relating  to  our  breathing  moift 
air,  feems  weighty,  and  mult  be  farther  confidered. 
The  air  that  has  been  breathed,  has,  doubtlefs,  ac¬ 
quired  an  addition  of  the  perfpirable  matter  which 
nature  intends  to  free  the  body  from,  and  which  would 
be  pernicious  if  retained  and  returned  into  the  blood ; 
fuch  air  then  may  become  unfit  for  refpiration,  as  well 
for  that  reafon,  as  on  account  of  its  moifture,  Yet  I 
fhould  be  glad  to  learn,  by  fome  accurate  experiment, 
whether  a  draft  of  air,  two  or  three  times  infpired, 
and  expired,  perhaps  in  a  bladder,  has,  or  has  not, 
acquired  more  moifture  than  our  common  air  in  the 
damped  weather.  As  to  the  precipitation  of  water  in 
the  air  we  breathe,  perhaps  it  is  not  always  a  mark  of 
that  air’s  being  overloaded.  In  the  region  of  the 
clouds,  indeed,  the  air  inuft  be  overloaded  if  it  lets 
fall  its  water  in  drops,  which  we  call  rain  3  but  thofe 
drops  may  fall  through  a  dryer  air  near  the  earth  ;  and 
accordingly  we  find  that  the  hygrofcope  fometimes 
{hews  a  lefs  degree  of  moifture,  during  a  ftiower, 
than  at  other  times  when  it  does  not  rain  at  all.  The 
dewy  dampnefs  that  fettles  on  the  infides  of  our  walls 
and  wainfcots,  feems  more  certainly  to  denote  an  air 
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overloaded  with  moifture  ;  and  yet  this  is  no  fure  fign  : 
For,  after  a  long  continued  cold  feafon,  if  the  air 
grows  fuddenly  warm,  the  walls,  &c.  continuing  longer 
their  coldnefs,  will,  for  fome  time,  condenfe  the  moif¬ 
ture  of  fuch  air,  till  they  grow  equally  warm,  and  then 
they  condenfe  no  more,  though  the  air  is  not  become 
dryer.  And,  on  the  other  hand,  after  a  warm  feafon, 
if  the  air  grows  cold,  though  moifter  than  before, 
the  dew  is  not  fo  apt  to  gather  on  the  walls.  A  tan¬ 
kard  of  cold  water  will,  in  a  hot  and  dry  fummer’s 
day,  colleft  a  dew  on  its  outfide  ;  a  tankard  of  hot 
water  will  collect  none  in  the  moifteft  weather. 

6thly,  It  is,  I  think,  a  miftake  that  the  trade-winds 
blow  only  in  the  afternoon.  They  blow  all  day  and 
all  night,  and  all  the  year  round,  except  in  fome  par¬ 
ticular  places.  The  foutherly  fea-breezes  on  your 
coafts,  indeed,  blow  chiefly  in  the  afternoon.  In  the 
very  long  run  from  the  Weft  fide  of  America  to  Gitam, 
among  the  Philippine  IJIands ,  fhips  feldom  have  occaflon 
to  hand  their  fails,  fo  equal  and  fteady  is  the  gale,  and 
yet  they  make  it  in  about  60  days,  which  could  not  be 
if  the  wind  blew  only  in  the  afternoon. 

7thly,  That  really  is,  which  the  Gentleman  juftlv 
fuppofes  ought  to  be  on  my  hypothefis.  In  failing 
Southward,  when  you  firft  enter  the  trade-wind,  you 
find  it  North-Eaft,  or  thereabouts,  and  it  gradually 
grows  more  Eaft  as  you  approach  the  line.  The  fame 
obfervation  is  made  of  its  changing  from  South-Eaft 
to  Eaft  gradually,  as  you  come  from  the  Southern  lati¬ 
tudes  to  the  equator. 
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Observations  on  the  Meteorological  Paper  ; 
Cent  by  a  Gentleman  in  New-York  to  B.  F. 

Read  at  the  Royal 
Society,  Nov.  4, 

1756. 

mutual  repelling  power  in  the  particles  which  compofe 
the  air,  by  which  they  are  feparated  from  each  other 
with  fome  degree  of  force :  Now  this  force,  on  this 
fuppofition,  muft  not  only  aft  when  the  particles  are  in 
mutual  contact,  but  likewife  when  they  7  are  at  fome 
diftance  from  each  other,  Howr  can  two  bodies,  whe¬ 
ther  they  be  great  or  fmall,  aft  at  any  diftance,  whe¬ 
ther  that  diftance  be  fmall  or  great,  without  fome  thing 
intermediate  on  which  they  aft  ?  For  if  any  body  aft 
on  another,  at  any  diftance  from  it,  however  fmall  that 
diftance  be,  without  fome  medium  to  continue  the 
aftion,  it  muft  aft  where  it  is  not,  which  to  me  feems 
.  abfurd. 

It  feems  to  me,  for  the  fame  reafon,  equally  abfurd 
to  give  a  mutual  attraftive  power  between  any  other 
particles  fuppofed  to  be  at  a  diftance  from  each  other, 
without  any  thing  intermediate  to  continue  their  mu¬ 
tual  aftion.  I  can  neither  attraft  nor  repel  any  thing 
at  a  diftance,  without  fomething  between  my  hand 
and  that  thing,  like  a  firing,  or  a  ftick  $  nor  can  I  con¬ 
ceive 


rp  H  AT  power  by  which  the  air  ex- 
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ceive  any  mutual  aftion  without  fome  middle  thing, 
when  the  adtion  is  continued  to  fome  diftance. 

The  encreafe  of  the  furface  of  any  body  leflens  its 
weight,  both  in  air,  and  water,  or  any  other  fluid,  as 
appears  by  the  flow  defcent  of  leaf-gold  in  the  air. 

The  obfervation  of  the  different  denfity  of  the  up¬ 
per  and  lower  air,  from  heat  and  cold,  is  good,  and 
I  do  not  remember  it  is  taken  notice  of  by  others ;  the 
confequences  alfo  are  well  drawn;  but  as  to  winds, 
they  feem  principally  to  arife  from  fome  other  caufe. 
Winds  generally  blow  from  fome  large  tradls  of  land, 
and  from  mountains.  Where  I  live,  on  the  North  fide 
of  the  mountains,  we  frequently  have  a  ftrong  Southerly 
wind,  when  they  have  as  ftrong  a  Northerly  wind,  or 
calm,  on  the  other  fide  of  thefe  mountains.  The  con¬ 
tinual  pafling  of  veffels  on  Hudfori s  River,  through: 
thefe  mountains,  give  frequent  opportunities  of  ob- 
ferving  this. 

In  the  fpring  of  the  year  the  fea-wind  (by  a  piercing 
cold)  is  always  more  uneafy  to  me,  accuftomed  to 
winds  which  pafs  over  a  traft  of  land,  than  the  North- 
Weft  wind. 

You  have  received  the  common  notion  of  water- 
fpouts,  which,  from  my  own  ocular  obfervation,  I  am 
perfuaded  is  a  falfe  conception.  In  a  voyage  to  the 
Weft  Indies ,  I  had  an  opportunity  of  obferving  many 
water-fpouts.  One  of  them  pafled  nearer  than  thirty 
or  forty  yards  to  the  veftel  I  was  in,  which  I  viewed 
with  a  good  deal  of  attention  ;  and  though  it  be  now 
forty  years  fince  I  faw  it,  it  made  fo  ftrong  an  impref- 
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fion  on  me,  that  I  very  diftinclly  remember  it.  Theft 
water-fpouts  were  in  the  calm  latitudes,  that  is,  be¬ 
tween  the  trade  and  the  variable  winds,  in  the  month 
of  July.  That  fpout  which  paffed  fo  near  us  was  an  in¬ 
verted  cone,  with  the  tip  or  apex  towards  the  fea,  and 
reached  within  about  eight  feet  of  the  furface  of  the 
fea,  its  bafis  in  a  large  black  cloud.  We  were  entirely 
becalmed.  It  palled  llowly  by  the  velfel.  I  could 
plainly  obferve  that  a  violent  ftream  of  wind  iffued 
from  the  fpout,  which  made  a  hollow  of  about  fix 
feet  diameter  in  the  furface  of  the  water,  and  raifed 
the  water  in  a  circular  uneven  ring  round  the  hollow. 
In  the  fame  manner  that  a  ftrong  blaft  from  a  pair  of 
bellows  would  do  when  the  pipe  is  placed  perpendicu¬ 
lar  to  the  furface  of  the  water;  and  we  plainly  heard 
the  fame  hilling  noife  which  fush  a  blaft  of  wind  muft 
produce  on  the  water.  I  am  very  fure  there  was  no¬ 
thing  like  the  fucking  of  wrater  from  the  fea  into  the 
fpout,  unlefs  the  fpray,  which  was  raifed  in  a  ring  to 
a  fmall  height,  could  be  miftaken  for  a  railing  of 
water.  I  could  plainly  diftinguilh  a  diftance  of  about 
eight  feet  between  the  fea  and  the  tip  of  the  cone,  in 
which  nothing  interrupted  the  fight,  which  muft  have 
been,  had  the  water  been  raifed  from  the  fea. 

In  the  fame  voyage  I  law  feveral  other  fpouts  at  a 
greater  diftance,  but  none  of  them  whole  tin  of  the 
cone  came  fo  near  the  furface  of  the  water.  I11  fome 
of  them  the  axis  of  the  cone  was  confiderably  inclined 
from  the  perpendicular,  but  in  none  of  them  was 
there  the  lealt  appearance  of  fucking  up  of  water. 

Others 
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Others  of  them  were  bent  or  arched.  I  believe  that  a 
ftream  of  wind  ifTued  from  all  of  them,  and  it  is  from 
this  ftream  of  wind  that  veftels  are  often  overfet,  or 
founder  at  fea  fuddenly.  I  have  heard  of  veftels  being 
overfet  when  it  was  perfectly  calm,  the  inftant  before 
the  ftream  of  wind  ftruck  them,  and  immediately  after 
they  were  overfet ;  which  could  not  otherwife  be  but 
by  fuch  a  ftream  of  wind  from  a  cloud.  1 

That  wind  is  generated  in  clouds  will  not  admit  of 
a  difpute.  Now  if  fuch  wind  be  generated  within  the 
body  of  the  cloud,  and  iflue  in  one  particular  place, 
while  it  finds  no  paflage  in  the  other  parts  of  the 
cloud,  I  think  it  may  not  be  difficult  to  account  for 
all  the  appearances  in  water-fpouts ;  and  from  hence 
the  reafon  of  breaking  thofe  fpouts,  by  firing  a  can¬ 
non-ball  through  them,  as  thereby  a  horizontal  vent 
is  given  to  the  wind.  When  the  wind  is  fpent,  which 
dilated  the  cloud,  or  the  fermentation  ceafes,  which 
generates  the  air  and  wind,  the  clouds  may  defcend  in 
a  prodigious  fall  of  water  or  rain.  A  remarkable  in- 
teftine  motion,  like  a  violent  fermentation,  is  very  ob- 
fervable  in  the  cloud  from  whence  the  fpout  ifiues. 
No  fait  water,  I  am  perfuaded,  was  ever  obferved  to 
fall  from  the  clouds,  which  muft  certainly  have  hap¬ 
pened  if  fea-water  had  been  raifed  by  a  fpout. 
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Read  at  the  Royal  ir  Agree  with  you,  that  it  ieems  abfurd 
1756.  JL  to  luppoie  that  a  body  can  act  where 

it  is  not.;  .1  have  no  idea  of  bodies  at  a  diftance  at- 
trading  or  repelling  one  another  without  the  affiftance 
of  fome  mediupv  though  I  know  not  what  that  me¬ 
dium  is,  or  how  it  operates.  When  I  fpeak  of  attrac¬ 
tion  or  repulfion,  I  make  ufe  of  thofe  words  for  want 
of  others  more  proper,  and  intqnd  only  to  exprefs 
effects  which  I  fee,  and  not  caufes  of  which  I  am  igno¬ 
rant.  When  I  prefs  a  blown  bladder  between  my 
knees,  and  find  I  cannot  bring  its  fides  together,;  but  my 
knees  feel  a  fpringy  matter,  pufhing  them  back  to  a 
greater  diftance,  or  repelling  them,  I  conclude  that 
the  air  it  contains  is  the  caufe,.  And  when  I  operate 
on  the  air,  and  find  I  cannot  by  preffure  force  its  par¬ 
ticles  into  contad,  but  they  ftill  fpring  back  againft 
the  preffure,  I  conceive  there  muft  be  fome  medium 
between  its  particles  that  prevents  their  doling,  tho’  J 
cannot  telf  what  it  is.— And  if  I  vfere  acquainted  with 
that  medium,  and  found  its  particles  to  approach  and 
recede  from  each  other,  according  to  the  preffure  they 
fuffered,  I  fhould  imagine  there  muft  be  fome  finer 
medium  between  them,  by  which  thefe  operations  were 
performed. 


I  allow 
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I  allow  that  increase  of  tlie  far  face  of  a  body  may 
occafion  it  to  defcend  flower  in  air,  water,  or  any 
other  fluid;  but  do  not  conceive,  therefore,-  that  it 
leflens  its  weight.  Where  the  increafed  furface  is  fo 
difpofcd  as  that  in  its  falliing  a  greater  quantity  of  the 
fluid  it  finks  in  muft  be  moved  out  of  its  way,  a 
greater,  time  is  required  for  fuch  removal.  Four 
fquare  feet  of  {fleet  lead  finking  in  water  broadways, 
cannot  defcend  near  fo  faft  as  it  would  edgeways ,  yet 
its  weight  in  the  hydroftatic  ballance  would,  I  imagine, 
be  the  fame,  whether  fufpended  by  the  middle  or  by 
the  corner.  *  "  '  .  -  ^  » 

.  T|  « _  ,  ^  1.  i  M  ^  l4.i  Vi.  4  *  -  4  *  ^  V  A  *j>  ♦-  •  -A.  ^  4  r  ♦  • 

I  make  no  doubt  but  that  ridges  of  high  mountains 
do  often  interrupt,  flop,  reverberate,  or  turn  the 
winds  that  blow  againft  them,  according  to  the  din- 
ferent  degrees  of  ftrength  of  the  winds,  and  the  an¬ 
gles  of  incidence.  I  fuppofe,  too,  that  the  cold  upper 
parts  of  mountains  may  condenfe  the  warmer  air  that 
comes  near  them,  and  fo  by  making  it  fpecifically  hea¬ 
vier,  caufe  it  to  defcend  on  one  or  both  fides  of  the 
ridge  into  the  warmer  valleys,  which  will  leem  a  wind 
blowing  from  the  mountain. 

Damp  winds,  though  not  colder  by  the  thermome¬ 
ter,  give  a  more  uneafy  fenfation  of  cold  than  dry 
ones;  becaufe  (to  fpeak  like  an  electrician)  they  conduit 
better  ;  that  is,  are  better  fitted  to  convey  away  the 
heat  from  our  bodies.  The  body  cannot  feel  without 
itfelf ;  our  fenfation  of  cold  is  not  in  the  air  without 
the  body,  but  in  thofe  parts  of  the  body  which  have 
been  deprived  of  their  heat  by  the  air.  My  defk,  and 
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its  lock,  are,  Ifuppofe,  of  the  fame  temperament  when 
they  have  been  long  expofed  to  the  fame  air;  hut  now 
if  I  lay  my  hand  on  the  wood,  it  does  not  feem  fo  cold 
to  me  as  the  lock  3  becaufe  (as  I  imagine)  wood  is  not 
fo  good  a  conduC  or,  to  receive  and  convey  away  the 
heat  from  my  fkin,  and  the  adjacent  flefh,  as  metal  is. 
Take  a  piece  of  wood,  of  the  fize  and  fhape  of  a 
dollar,  between  the  thumb  and  finger  of  one  hand, 
and  a  dollar,  in  like  manner,  with  the  other  hand  3 
place  the  edges  of  both,  at  the  fame  time,  in  the  flame 
of  a  candle  3  and  though  the  edge  of  the  wooden  piece 
takes  flame,  and  the  metal  piece  does  not,  yet  you  will 
be  obliged  to  drop  the  latter  before  the  former,  it  con¬ 
ducing  the  heat  more  fuddenly  to  your  fingers.  Thus 
we  can,  without  pain,  handle  glafs  and  china  cups 
filled  with  hot  liquors,  as  tea,  &c.  but  not  filver  ones. 
A  filver  tea-pot  muff  have  a  wooden  handle.  Perhaps 
it  is  for  the  fame  reafon  that  woollen  garments  keep 
the  body  warmer  than  linnen  ones  equally  thick  3 
woollen  keeping  the  natural  heat  in,  or,  in  other 
words,  not  condufting  it  out  to  air. 

In  regard  to  water-fpouts,  having,  in  a  long  letter  to 
a  Gentleman  of  the  fame  fentiment  with  you  as  to  their 
direCion,  faid  all  that  I  have  to  fay  in  fupport  of  my 
opinion  3  I  need  not  repeat  the  arguments  therein  con¬ 
tained,  as  I  intend  to  fend  you  a  copy  of  it  by  fome 
other  opportunity,  for  your  perufal.  I  imagine  you  will 
find  all  the  appearances  you  faw,  accounted  for  by  my 
hypothefis.  I  thank  you  for  communicating  the  ac¬ 
count  of  them.  At  prefent  I  would  only  fay,  that  the 
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opinion  of  winds  being  generated  in  clouds  by  fer¬ 
mentation,  is  new  to  me,  and  I  am  unacquainted 
with  the  fafts  Gn  which  it  is  founded.  I  likewife  find 
it  difficult  to  conceive  of  winds  confined  in  the  hody 
of  clouds,  which  I  imagine  have  little  more  folidity 
than  the  fogs  on  the  earth’s  furface.  The  objection 
from  the  frefhnefs  of  rain-water  is  a  ftrong  one,  but 
I  think  I  have  anfwered  it  in  the  letter  above-men¬ 
tioned,  to  which  I  muff  beg  leave,  at  prefent,  to 
.refer  you.  -  * 
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To  C.  C.  Efq;  at  New-Tork. 


SIR, 


Philadelphia,  April  23,  1752. 


Read  at  the  Royal  'J"  jSJ  cOilfidcring  VOUr  faVOUl*  of  the 

Society,  No<v.  n,  I  °  J 

1756.  JL  1 6th  paft,  I  recolledted  my  having 

wrote  you  anfwers  to  fome  queries  concerning  the  dif¬ 
ference  between  eledfrics  per  fe,  and  non-eledtrics,  and 
the  effedts  of  air  in  eledfrical  experiments,  which,  I 
apprehend,  you  may  not  have  received.  The  date  I 
have  forgot. 

We  have  been  ufed  to  call  thofe  bodies  eledtrics  per 
fe ,  which  would  not  conduct  the  eledlric  fluid:  We 
once  imagined  that  only  fuch  bodies  contained  that 
fluid;  afterwards  that  they  had  none  of  it,  and  only 
educed  it  from  other  bodies  :  But  further  experiments 
fhewed  our  miftakes.  It  is  to  be  found  in  all  matter 
we  know  of;  and  the  diftindtions  of  eledtrics  per  fe, 
and  non-eledtrics,  fhould  now  be  dropt  as  improper, 
and  that  of  conductors  and  non-conduCiors  afliimed  in  its 
place,  as  I  mentioned  in  thofe  anfwers. 


I  do 


27  j 


I  do  not  remember  any  experiment  by  which  it  ap¬ 
peared  that  high  rectified  fpirit  will  not  conduCt;  per- 
haps  you  have  made  luch.  T  his  I  know,  that  wax, 
fofin,  brimftone,  and  even  glafs,  commonly  reputed 
electrics  per  je,  will,  when  in  a  fluid  ftate,  conduct 
pretty  well.  Glafs  will  do  it  when  only  red  hot.  So 

p  . 

that  my  former  pofltion,  that  only  metals  and  water 
were  conductors,  and  other  bodies  more  or  lefs  fuch, 
as  they  partook  of  metal  or  moifture,  was  too  general. 

Your  conception  of  the  eleCtric  fluid,  that  it  is  in¬ 
comparably  more  fubtle  than  air,  is  undoubtedly  juft. 
It  pervades  denfe  matter  with  the  greateft  -cafe ;  but  it 
does  not  feem  to  mix  or  incorporarte  willingly  with 

f  •*  n 

meer  air,  as  it  does  with  other  matter.  It  will  not 


quit  common  matter  to  join  with  air,  Air  obftrufts, 
in  feme  degree,- its  motion.  An  eleCtric  atmofphere 
cannot  be  communicated  at  fo  great  a  diftance,  thro’ 

i  \  ,  •  »  # .  «  » 

intervening  air,  by  far,  as  through  a  vacuum. — Who 
knows  then,  but  there  may  be,  as  the  Antients 
thought,  a  region  of  this  fire  above  our  atmofphere, 
prevented  by  our  air,  and  its  own  too  great  diftance 
for  attraction,  from  joining  our  earth?  Perhaps  where 
--the  atmofphere  is  rareft,  this  fluid  may  be  denfeft,  and 
‘nearer  the  earth. where  the  atmofphere  grows  denfer, 
this  fluid  may  be  rarer  $  yet  fome  of  it  be  low  enough 
to 'attach  itfelf  to  our  higheft  clouds,  and  thence  they 
becoming  eleCtrified,  may  be  attracted  bv,  and  ddfeend 
towards  the  earth,  and  difeharge  their  watry  contents, 
'  together  with  that  aetherial  fire.  Perhaps  the  Aurofa? 
Boreales  are  currents  of  this  fluid  in  its  own>region, 

above 
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above  our  atmofphere,  becoming  from  their  motion 
vifibie.  There  is  no  end  to  conje&ures.  As  yet  we 
are  but  novices  in  this  branch  of  natural  knowledge. 

You  mention  feveral  differences  of  falts  in  electrical 

!  \ 

experiments?  Were  they  all  equally  dry?  Salt  is 
v  apt  to  acquire  moifture  from  a  moift  air,  and  feme 
forts  more  than  others.  When  perfeftly  dried  by 
lying  before  a  fire,  or  on  a  ftove,  none  that  I  have 
tried  will  conduct  any  better  than  fo  much  glafs. 

New  flannel,  if  dry  and  warm,  will  draw  the  elec¬ 
tric  fluid  from  non-eledtrics,  as  well  as  that  which  has 
been  worn. 

I  wilh  you  had  the  convenience  of  trying  the  expe¬ 
riments  you  feem  to  have  fuch  expeftations  from, 
upon  various  kinds  of  fpirits,  falts,  earth,  &c.  Fre¬ 
quently,  in  a  variety  of  experiments,  though  wre  mifs 
what  we  expedited  to  find,  yet  fomething  valuable  turns 
out,  fomething  furprifing,  and  inftru&ing,  though 
unthought  of. 

I  thank  you  for  communicating  the  illuftration  of 
the  theorem  concerning  light*  It  is  very  curious.  But 
I  muft  own  I  am  much  in  the  dark  about  light .  I  am 
not  fatisfied  with  the  doftrine  that  fuppofes  particles 
of  matter,  called  light,  continually  driven  off  from 
the  fun’s  furface,  with  a  fwiftnefs  fo  prodigious ! 
Muft  not  the  fmalleft  particle  conceivable,  have  with 
fuch  a  motion,  a  force  exceeding  that  of  a  twenty- 
four  pounder,  difcharged  from  a  cannon  ?  Muft  not 
the  fun  diminifh  exceedingly  by  fuch  a  wafte  of  mat¬ 
ter  and  the  planets,  inftead  of  drawing  nearer  to 

him, 
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"him.,  as  -fome  -have  feared,  recede  to  greater  diftances 
through  the  leflened  attra&iom  Ye.t  thefe  particles,, 
.with  this  amazing  motion,  w.ill  not  drive  before  them, 
or  remove,  ,the  leaft  and  lighted:  duft  they  meet  with  : 
And  the  fun,  for  aught  we  know,  continues  of  his 
antient  dimenfions,  and  his  attendants  move  in  their 
antient  orbits.. 

May  not  all  the  phenomena  of  light  be  more  con¬ 
veniently  folved,  by  fuppofing  univerfal  fpace  filled 
with  a  fubtile  elaftic  fluid,  which,  when  at  reft,  is  not 
•vifible,  but  whofe  vibrations  ..affeft  that  fine  lenfe  in 
the  eye,  as  thofe  of  air  do  ,the  groffer  organs  of  the 
ear?  We  do  not,  in  the  cafe  of  found,  imaging  that 
any  fonorous  particles  are  thrown  off  from  a  bell,  for 
inftance,  and  fly  in  ftrait  .lines  to  the  ear ;  why  muft 
we  believe  that  luminous  particles  leave  the  fun  and 
proceed  to  the  eye  ?  Some  diamonds,  if  rubbed,  fhine 
in  the  dark,  without  lofing  any  part  of  their  matter. 
I  can  make  an  ele&rical  Ipark  as  big  as  the  flame  of 
a  candle,  much  brighter,  and,  therefore,  vifible  fur¬ 
ther  ;  yet  this  is  without  fuel ;  and,  J  am  perfuaded, 
no  part  of  the  eleftric  fluid  flies  off  in  fuch  cafe,  to 
diftant  places,  but  all  goes  direftly,  and  is  to  be  found 
in  the  place  to  which  I  deftine  it.  May  not  different 
-degrees  of  the  vibration  of  the  above-mentioned  uni¬ 
verfal  medium,  occafion  the  appearances  of  different 
colours  ?  I  think  the  eleftric  fluid  .is  always  the  fame  $ 
yet  I  find  that  weaker  and  ftronger  fparks  differ  in  ap¬ 
parent  colour,  fome  white,  blue,  purple,  red  ;  the 
Jtrongeft,  white;  weak  ones  red.  Thus  different  de- 
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grees  of  vibration  given  to  the  air,  produce  the  fevers: 
different  founds  in  mufic,  analagous  to  the  feven  co¬ 
lours,  yet  the  medium,  air,  is  the  fame. 

If  the  fun  is  not  wafted  by  expence  of  light,  I  can 
eafily  conceive  that  he  fliall  otherwife  always  retain 
the  fame  quantity  of  matter ;  though  we  fhould  fup- 
pofe  him  made  of  fulphur  conftantly  flaming.  The 
aflion  of  fire  only  feparates  the  particles  of  matter,  it 
does  not  annihilate  them.  Water,  by  heat  raifed  in 
vapour,  returns  to  the  earth  in  rain  ;  and  if  we  could 
collect  all  the  particles  of  burning  matter  that  go  off 
in  fmoak,  perhaps  they  might,  with  the  afh.es,  weigh 
as  much  as  the  body  before  It  was  fired :  And  if  we 
could  put  them  into  the  fame  pofition  with  regard  to 
each  other,  the  mafs  would  be  the  fame  as  before, 
and  might  be  burnt  over  again.  The  chymifts  have 
analyfed  fulphur,  and  find  it  compofed,  in  certain  pro¬ 
portions,  of  oil,  fait,  and  earth ;  and  having,  by  the 
analyfis,  difcovered  thofe  proportions,  they  can,  of 
thofe  ingredients,  make  fulphur.  So  we  have  only  to 
fuppofe,  that  the  parts  of  the  fun’s  fulphur,  feparated 
by  fire,  rife  into  his  atmofphere,  and  there  being  freed 
from  the  immediate  action  of  the  fire,  they  colleft  into 
cloudy  manes,  and  growing,  by  degrees,  too  heavy  to 
be  longer  fupported,  they  defcend  to  the  fun,  and  are 
burnt  over  again.  Hence  the  fpots  appearing  on  his 
face,  which  are  obierved  to  diminifh  daily  in  fize,  their 
confuming  edges  being  of  particular  brightnefs. 

It  is  well  we  are  not,  as  poor  Galileo  was,  fubjeft 
to  the  Inquifttion  for  Philofophical  Herefy.  My  whifpers 
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againil  the  orthodox  doflrine,  in  private  letters,  would 
be  dangerous  3  but  your  writing  and  printing  would 
be  highly  criminal.  As  it  is,  you  muft  expett  fome 
cenfure,  but  one  Heretic  will  furely  excufe  another. 

I  am  heartily  glad  to  hear  more  inftances  of  the 
fuccefs  of  the  Poke- Weed,  in  the  cure  of  that  hor¬ 
rible  evil  to  the  human  body,  a  Cancer.  You  will 
deferve  highly  of  mankind  for  the  communication. 
But  I  find  in  Bojion  they  are  at  a  lofs  to  know  the 
right  plant,  fome  alferting  it  is  what  they  call  Mechoa - 
chan ,  others  other  things.  In  one  of  their  late  papers 
it  is  publickly  requefted  that  a  perfect  defcription  may 
be  given  of  the  plant,  its  places  of  growth,  &c.  I 
have  miflaid  the  paper,  or  would  fend  it  to  you.  I 
thought  you  had  described  it  pretty  fully. 

J  am,  Sir,  &c. 

B.  F. 
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ExtraSis from  DAMPIER’s  V ojageSy  relating 

tO  W  ATER“SpoUT  SV 

*^£1%  “  A  SPOUT  is  a  fmall  ragged  piece, 
1756.  ’  1  jl  or  part  of  a  cloud,  hanging  down 

about  a  yard  feemingly,  from  the  blacked:  part  thereof. 
Commonly  it  hangs  down  doping  from  thence,  or 
fometimes  appearing  with  a  fmall  bending,  or  elbow, 
in  the  middle.  I  never  faw  any  hang  perpendicularly 
down.  It  is  fmall  at  the  lower  end,  feeming  no  bigger 
than  one’s  arm,  but  ftill  fuller  towards  the  cloud  from 
whence  it  proceeds. 

When  the  furface  of  the  fea  begins  to  work,  you 
Ihall  fee  the  water  for  about  one  hundred  paces  in  cir- 
curhference  foam  and  move  gently  round,  till  the 
tvhirling  motion  increafes  ;  and  then  it  flies  upward  in 
a  pillar,  about  one  hundred  paces  in  compafs  at  the 
bottom,  but  gradually  leflening  upwards,  to  the  fmall- 
nefs  of  the  fpout  itfelf,  through  which  the  rifing  fea- 
water  feems  to  be  conveyed  into  the  clouds.  This 
vifibly  appears  by  the  clouds  increafing  in  bulk  and 
blacknefs.  Then  you  fliall  prefently  fee  the  cloud 
drive  along,  though  before  it  feemed  to  be  without 
any  motion.  The  fpout  alfo  keeping  the  fame  courfe 
With  the  cloud,  and  ftill  fucking  up  the  water  as  it 
goes  along,  and  they  make  a  wind  as  they  go.  Thus 
■  '  -  '  V/*  it 


it  continues  for  half  an  hour,  more  or  lefs,  until  the 
fucking  is  fpent,  and  then  breaking  off,-  all  the  water 
which  was  below  the  fpout,  or  pendulous  piece  of 
cloud,  falls  down  again  into  the  fea,  making  a  great 
noife  with  its  falling  and  clafhing  motion  in  the  fea. 

It  is  very  dangerous  for  a  fhip  to  be  under  a  fpout 
when  it  breaks  ;  therefore  we  always  endeavour  to 

w  y  ' 

fhun  it,  by  keeping  at  a  diftance,  if  poffibly  we  can. 
But  for  want  of  wind  to  carry  us  away,  we  are  often 
in  great  fear  and  danger*  for  it  is  ufually  calm  when 
fpouts  are  at  work,  except  only  juft  where  they  are. 
Therefore  men  at  fea,  when  they  fee  a  fpout  a  coming, 
and  know  not  how  to  avoid  it,  do  fometimes  fire  fhot 
out  of  their  great  guns  into  it,  to  give  it  air  or  vent, 
that  fo  it  may  break,  but  I  did  never  hear  that  it  pro¬ 
ved  to  be  of  any  benefit. 

And  now  we  are  on  this  fubjeft,  I  think  it  not 
amifs  to  give  you  an  account  of  an  accident  that  hap¬ 
pened  to  a  fhip  once  on  the  coaft  of  Guinea ,  fometime  in 
or  about  the  year  1674.  One  Capt.  Records ,  of  London , 
bound  for  the  coaft  of  Guinea ,  in  a  fhip  of  three  hun¬ 
dred  tons,  and  fixteen  guns,  called  the  Blejjing ,  when 
he  came  into  latitude  feven  or  eight  degrees  North,  he 
faw  feveral  fpouts,  one  of  which  came  direftly  to¬ 
wards  the  fhip,  and  he  having  no  wind  to  get  out  of 
the  way  of  the  fpout,  made  ready  to  receive  it  by  fur¬ 
ling  the  fails.  It  came  on  very  fwift,  and  broke  a 
little  before  it  reached  the  fhip,  making  a  great  noife, 
and  railing  the  fea  round  it,  as  if  a  great  houfe,  or 
feme  fuch  thing,  had  been  caft  into  the  fea.  The  fury 
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of  the  wind  ftill  lafted,  and  took  the  Ihip  on  the  ftar-> 
board-bow  with  fuch  violence,  that  it  Inapt  off  the  bolt- 
iprit  and  foremaft  both  at  once,  and  blew  the  fliip  all 
along,  ready  to  overfet  it  -  but  the  Ihip  did  prefently 
right  again,  and  the  wrind  whirling  round,  took  the 
fhip  a  fecond  time  with  the  like  fury  as  before,  but  on 
the  contrary  fide,  and  was  again  like  to  overfet  her  the 
other  way :  The  mizen-maft  felt  the  fury  of  this  fecond 
blaft,  and  was  fnapt  Ihort  off,  as  the  foremaft  and 
boltfprit  had  been  before.  The  main-maft  and  main- 
top-maft  received  no  damage,  for  the  fury  of  the  winch 
(which  was  prefently  over)  did  not  reach  them.  Three 
men  were  in  the  foretop  when  the  foremaft  broke* 
and  one  on  the  boltfprit,  and  fell  with  them  into  the 
fea,  but  all  of  them  were  laved.  I  had  this  relation 
from  Mr.  John  Canby ,  who  was  then  quarter-mafter 
and  fteward  of  her  5  one  Abraham  Wife  was  chief  mate* 
and  Leonard  Jefferies  fecond  mate. 

We  are  ufually  much  afraid  of  them*  yet  this  was 
the  only  damage  that  I  ever  heard  done  by  them.  They 
feem  terrible  enough  s  the  rather,  becaufe  they  come 
upon  you  while  you  lie  becalmed,  like  a  Jog  in  the 
fea,  and  cannot  get  out  of  their  way.  But  though  I 
have  feen  and  been  befet  by  them  often,  yet  the  fright 
was  always  the  greateftof  the  harm.”— ~  D amp ier9  VohL 

JPage  4.5 1  * 
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An  Account  of  a  Spout  on  the  Coafi  of  New- 

Guinea.  From  the  fame . 

“  \  \  7E  had  fair  clear  weather,  and  a  fine  moderate 
V \  gale  from  South-Eaft  to  Eaft  by  North  ;  but 
at  day-break  the  clouds  began  to  fly,  and  it  lightened 
very  much  in  the  Eaft  North-Eaft.  At  fun-riling  the 
Iky  looked  very  red  in  the  Eaft  near  the  horizon ;  and 
there  were  many  black  clouds  both  to  the  South  and 
North  of  it.  About  a  quarter  of  an  hour  after  the 
fun  was  up,  there  was  a  fquall  to  the  windward  of  us, 
when,  on  a  fudden,  one  of  our  men  on  the  fore-caftle 
called  out  that  he  faw  fomething  a-ftein,  but  could 
not  tell  what.  I  looked  out  for  it,  and  immediately 
faw  a  fpout  beginning  to  work  within  a  quarter  of  a 
mile^  of  us,  exactly  in  the  wind :  We  prefently  put 
right  before  it.  It  came  very  fwiftly,  whirling  the 
water  up  in  a  pillar,  about  fix  or  feven  yards  high. 
As  yet  I  could  not  fee  any  pendulous  cloud  from 
whence  it 'might  come;  and  was  in  hopes  it  would 
foon  lofe  its  force.  In  four  or  five  minutes  time  it 
came  within  a  cable’s  length  of  us,  and  palled  away 
to  leeward;  and  then  I  faw  a  long  pale  ftream  coming 
down  to  the  whirling  water.  This  ftream  was  about 
the  bignefs  of  a  rainbow.  The  upper  end  feemed 
vaftly  high,  not  defeending  from  any  dark  cloud,  and, 
therefore,  the  more  ftrange  to  me,  I  never  having  feen 

the 
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the  like  before.  It  part  about  a  mile  to  the  leeward  of 
us,  and  then  broke.  This  was  but  a  fmall  fpout,  and 
not  ftrong  nor  *  lafting  ;  yet  I  perceived  much  wind  in 
it  as  it  paffed  by  us.”  Vol.  III.  p.  223. 


Account  of  another  Spout.  From  the  fame. 

a  W  7^  ^aw  a  ^Pout  but  a  diftance  from  us^ 

V  V  it  fell  down  out  of  a  black  cloud  that  yielded 
great  ftore  of  rain,  thunder,  and  lightning.  This 
cloud  hovered  to  the  Southward  of  us  for  the  fpace  of 
three  hours,  and  then  drew  to  the  Weft  ward  a  great 
pace,  at  which  time  it  was  that  we  law  the  fpout* 
which  hung  faft  to  the  cloud  till  it  broke,  and  then 
the  cloud  whirled  about  to  the  South-Eaft,  then  to 
the  North-Eaft,  where  meeting  with  an  ifland,  it  foent 
itfelf,  and  fo  difperfed  ;  and  immediately  we  had  a  Tittle 
.of  the  tail  of  it,  having  had  none  before.”  VoL  ILL 
p.  1820 

*  Probably  if  it  bad  been  lafting,  a  cloud  would  have  been  formed 
above  it.  Thefe  extracts  from  Dampier,  feem,  in  different  inftances,  to 
favour  both  opinions,  and,  therefore,  are  inferted  entire,  for  the  Reader^ 
confideration. 
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ExtraSi  of  a  Letter  from  J.  B.  Efq\  in  Bofton, 
to  B.  F.  concerning  the  Light  in  Sea-Water . 


November  12,  1 753  - 

Read  at  the  Royal 
Society,  Dec.  16, 

1736, 

luminous  appearance  of  the  fea  when  difturbed  :  At 
the  head  and  {tern  of  the  veflel,  when  under  way,  it 
appeared  very  bright.  The  belt  opportunity  I  had  to 
obferve  it,  was  in  a  boat,  in  company  with  feveral 
gentlemen  going  from  Portfmouth ,  about  three  miles,  to 
our  veflel  lying  at  the  mouth  of  Pifcataqua  River. 
Soon  after  we  fet  off  (it  being  in  the  evening)  we  ob- 
ferved  a  luminous  appearance  where  the  oars  daflied 
the  water.  Sometimes  it  was  very  bright,  and  after¬ 
wards  as  we  rowed  along,  gradually  leflened,  till  al- 
moft  imperceptible,  and  then  re-illumined.  This  we 
took  notice  of  feveral  times  in  the  paflage.  When  I 
got  on  board  the  veflel,  I  ordered  a  pail  to  be  dipped 
up,  full  of  fea-water,  in  which,  on  the  water’s  being 
moved,  a  fparkling  light  appeared*  I  took  a  linnen 
cloth,  and  {trained  fome  of  the  water  through  it,  and 
there  was  a  like  appearance  on  the  cloth,  which  foon 
went  off ;  but  on  rubbing  the  cloth  with  my  finger,  it 
was  renewed.  I  then  carried  the  cloth  to  the  light, 
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WHEN  I  was  at  the  Eaftward,  I  had 
an  opportunity  of  obferving  the 
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but  could  not  perceive  any  thing  upon  it  which  fliould 
caufe  that  appearance. 

Several  gentlemen  were  of  opinion,  that  the  fepara- 
ted  particles  of  putrid,  animal,  and  other  bodies,  float¬ 
ing  on  the  furface  of  the  fea,  might  caufe  that  ap¬ 
pearance  ;  for  putrid  fifh,  &c.  they  faid,  will  caufe  it : 
And  the  fea-animals  which  have  died,  and  other  bodies 
putrified  therein  flnce  the  creation,  might  afford  a  fuf- 
ficient  quantity  of  thefe  particles  to  cover  a  confider- 
able  portion  of  the  furface  of  the  fea  ;  which  particles 
being  differently  difperfed,  might  account  for  the  dif¬ 
ferent  degrees  of  light  in  the  appearance  above-men¬ 
tioned.  But  this  account  feems  liable  to  this  obvious 
objection,  That  as  putrid  fifh,  &c..  make  a  luminous 
appearance  without  being  moved  or  difturbed,  it 
might  be  expected  that  the  fuppofed  putrid  particles  on 
the  furface  of  the  fea,  fliould  always  appear  luminous, 
where  there  is  not  a  greater  light ;  and,  confequently, 
that  the  whole  furface  of  the  fea,  covered  with  thofe 
particles,  fhould  always,  in  dark  nights,  appear  lumi¬ 
nous,  without  being  difturbed.  But  this  is  not  fa6f. 

Among  the  reft,  I  threw  out  my  conje&ure,  That 
the  faid  appearance  might  be  caufed  by  a  great  number 
of  little  animals,  floating  on  the  furface  of  the  fea, 
which,  on  being  difturbed,  might,  by  expanding  their 
finns,  or  otherwife  moving  themfelves,  expofe  fuch  a 
part  of  their  bodies  as  exhibits  a  luminous  appearance, 
ib  me  what  in  the  manner  of  aglow-worm,  or  fire-fly: 
That  thefe  animals  may  be  more  numerous  in  fome 
places  than  others  ^  and,  therefore,  that  the  appearance 

above- 
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above-mentioned  being  fainter  and  ftronger  in  different 
places,  might  be  owing  to  that :  That  certain  circum- 
ftances  of  weather,  &c.  might  invite  them  to  the  fur- 
face,  on  which,  in  a  calm,  they  might  fport  themfelves 
and  glow  ;  or  in  ftorms,  being  forced  up,  make  the 
fame  appearance. 

There  is  no  difficulty  in  conceiving  that  the  fea  may 
be  ftocked  with  animalcula  for  this  purpofe,  as  we  find 
all  Nature  crowded  with  life.  But  it  feems  difficult  to 

•  •  f 

conceive  that  fuch  frnall  portions  of  matter,  even  if 
they  were  wholly  luminous,  fhould  affeft  our  fight ; 
much  more  fo,  when  it  is  fuppofed  that  only  a  part  of 
them  is  luminous.  But,  if  we  confider  fome  other 
appearances,  we  may  find  the  fame  difficulty  to  con¬ 
ceive  of  them  y  and  yet  we  know  they  take  place.  For 
inftance,  the  flame  of  a  candle,  which,  it  is  faid,  may 
be  feen  four  miles  round^  The  light  which  fills  this 
circle  of  eight  miles  diameter,  was  contained  when  it 
firfi:  left  the  candle,  within  a  circle  of  half  an  inch 
diameter.  If  the  denfity  of  light,  in  thefe  circum- 
flances,  be  as  thofe  circles  to  each  other,  that  is,  as  the 
fquares  of  their  diameters,  the  candle-light,  when  come 
to  the  eye,  will  be  1027709337600  times  rarer  than 
when  it  quitted  the  half-inch  circle.  Now  the  aper¬ 
ture  of  the  eye,  through  which  the  light  paffes,  does 
not  exceed  one-tenth  of  an  inch  diameter,  and  the  por¬ 
tion  of  the  leffer  circle,  which  correfponds  to  this 
frnall  portion  of  the  greater  circle,  muff  be  propor- 
tionably,  that  is,  1027709337600  times  lefs  than  one- 
tenth  of  an  inch ;  and  yet  this  infinitely  frnall  point 
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(if  you  will  allow  the  expreflion)  affords  light  enough: 
to  make  it  vifible  four  miles  ;  or,  rather,  affords  light 
fufficient  to  affeCt  the  fight  at  that  diflance. 

The  fmallnefs  of  the  animalculais  no  objection  then 
to  this  conjecture;  for  fuppofmg  them  to  be  ten  thou- 
fand  times  lefs  than  the  minimum  vijibile ,  they  may, 
notwithftanding,  emit  light  enough  to  affeCt  the  eyes, 
and  fo  to  caufe  the  luminous  appearance  aforefaid. 
This  conjecture  I  fend  you  for  want  of  fomething 
better. 


’  i-  .  ...  -  -  .—*>  “ 

Further  Remarks,  by  a  Gentleman  of  New-York, 

April  2,  1754. 

A  NY  knowledge  I  have  of  the  winds, 
17  56.  ’  xJL  and  other  changes  which  happen 
in  the  atmofphere,  is  fo  very  defective  that  it  does  not 
deferve  the  name ;  neither  have  I  received  any  fatisfac- 
tion  from  the  attempts  of  others  on  this  fubjeCt.  It 
deferves  then  your  thoughts,  as  a  fubjeCt  in  which  you 
may  diftinguifh  yourfelf,  and  be  ufeful. 

Your  notion  of  fome  things  conducting  heat  or  cold 
better  than  others,  pleafes  me,  and  I  with  you  may 
purfue  the  fcent.  If  I  remember  right,  Dr.  Boerhaave , 
in  his  chymiftry,  thinks  that  heat  is  propagated  by 
the  vibration  of  a  fubtle  elaftic  fluid,  difperfed  through 

the 


the  atmofphere  and  through  all  bodies.  Sir  Ifaac 
Newton  fays,  there  are  many  phenomena  to  prove  the 
exiftence  of  fuch  a  fluid  ;  and  this  opinion  has  my 
affent  to  it.  I  fhall  only  obferve  that  it  is  effentially 
different  from  that  which  I  call  aether  5  for  aether, 
properly  fpeaking,  is  neither  a  fluid  nor  elaftic  ;  its 
power  confifts  in  re-a&ing  any  action  communicated 
to  it,  with  the  fame  force  it  receives  the  action. 

I  long  to  fee  your  explication  or  water-fpouts,  but 
I  muft  tell  you  before-hand,  that  it  will  not  be  eafy 
for  you  to  convince  me  that  the  principal  phaenomena 
were  not  occafioned  by  a  ftream  of  wind  iffuing  with 


great  force,  my  eyes  and  ears  both  concurring  to  give 
me  this  fentiment,  I  could  have  no  more  evidence 


than  to  feel  the  effects,  which  1  had  no  inclination. 


to  do. 

It  furprifes  me  a  little,  that  wind,  generated  by  fer¬ 
mentation,  is  new  to  you,  fince  it  may  be  every  day 
obferved  in  fermenting  liquor.  You  know  with  what 
force  fermenting  liquors  will  burft  the  veflels  which 
contain  them,  if  the  generated  wind  have  not  vent; 
and  with  what  force  it  iffues  on  giving  it  a  frnall  vent, 
or  by  drawing  the  cork  of  a  bottle.  Dr.  Boerhaave 
fays,  that  the  fleam  iffuing  from  fermenting  liquors 
received  through  a  very  frnall  vent-hole,  into  the  nofe, 
will  kill  as  fuddenly  and  certainly  as  lightning.  That 
air  is  generated  by  fermentation,  I  think  you  will  find 
fully  proved  in  Dr.  Hales  s  Ajialyfis  of  the  Air ,  in  his  Ve¬ 
getable  Statics.  If  you  have  not  read  the  book,,  you 
have  a  new  pleafure  to  come. 


The 


286  -Letters  and  Papers 

The  foliation  you  give  to  the  objection  I  made  from 
the  contrary  winds  blowing  from  the  oppolite  fides  of 
the  mountains,  from  their  being  eddies,  does  not  pleafe 
me,  becaufe  the  extent  of  thefe  winds  is  by  far  too 
large  to  be  occafioned  by  an  eddy.  It  is  forty  miles 
from  New-York  to  our  mountains,  through  which 
Hudfori s  River  paffes.  The  river  runs  twelve  miles  in 
the  mountains,  and  from  the  North  fide  of  the  moun- 
tains  it  is  about  ninety  miles  to  Albany .  I  have  myfelf 
been  on  board  a  veffel  more  than  once,  when  we  have 

'  ^  .  ,  ...  j  • 

had  a  ftrong  Northerly  wind  againft  us,  all  the  way 
from  New-York ,  for  two  or  three  days.  We  have  met 
veffels  from  Albanyy  who  affured  us,  that,  on  the 
other  fide  of  the  mountains,  they  had,  at  the  fame 
time,  a  ftrong  continued  Southerly  wind  againft  them  > 
and  this  frequently  happens. 

I  have  frequently  feen  both,  on  the  river,  in  places 
where  there  could  be  no  eddy-winds,  and  on  the  open 
fea,  two  veffels  failing  with  contrary  winds,  within 
half  a  mile  of  each  other  5  but  this  happens  only  in 
eafy  winds,  and  generally  calm  in  other  places  near 
thefe  winds.  7 

You  have,  no  doubt,  frequently  obferved  a  Angle 
cloud  pafs,  from  which  a  violent  guft  of  wind  iffues, 
but  of  no  great  extent.  I  have  obferved  fuch  a  guft 
make  a  lane  through  the  woods,  of  fome  miles  in 
length,  by  laying  the  trees  flat  to  the  ground,  and 
not  above  eight  or  ten  chains  in  breadth,  Though 
the  violence  of  the  wind  be  in  the  fame  direction  in 
''Which  the  cloud  moves  and  precedes  it,  yet  wind  iffues 

from 
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from  all  fides  of  it ;  fo  that  fuppofing  the  cloud  move 
South-Eafterly,  thofe  on  the  North-Eaft  fide  of  it  feel 
a  South- Weft  wind,  and  others  on  the  South- Weft 
fide,  a  North-Eaft.  And  where  the  cloud  pafles  over, 
we  frequently  have  a  South-Eaft  wind  from  the  hinder 
part  of  it,  but  none  violent,  except  the  wind  in  the 
direction  in  which  the  cloud  moves.  To  fhew  what 
it  is  which  prevents  the  wind  from  iffuing  out  equally 
on  all  fides,  is  not  an  eafy  problem  to  me,  and  I  ihall 
not  attempt  to  folve  it;  but  when  you  fhall  fhew  what 
it  is  which  reftrains  the  electrical  fluid  from  fpreading 
itfelf  into  the  air  furrounding  it,  when  it  rufhes  with 
great  violence  through  the  air  along,  or  in  the  con¬ 
ductor,  for  a  great  extent  in  length,  then  I  may  hope 
to  explain  the  other  problem,  Jand  remove  the  di£« 
ficulty  we  have  in  conceiving  it. 


Propofol 
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Propofol  of  an  Experiment  to  meafure  the 
j time  taken  up  by  an  Ele&ric  Spark ,  in  moving 
through  any  given  Space \  By  J.  A.  Efq\  of 
New-York. 

^lociety11/)^0!?  T  ^  I  remember  right,  the  Royal  Society 
37 56.  *  *  X  made  one  experiment  to  difcover  the 

velocity  of  the  ele&ric  fire,  by  a  wire  of  about  four 
miles  in  length,  fupported  by  filk,  and  by  turning 
it  forwards  and  backwards  in  a  field,  fo  that  the 
beginning  and  end  of  the  wire  were  at  only  the  dis¬ 
tance  of  two  people,  the  one  holding  the  Leyden  bottle 
and  the  beginning  of  the  wire,  and  the  other  holding 
the  end  of  the  wire  and  touching  the  ring  of  the 
bottle ;  but  by  this  experiment  no  difcovery  was  made, 
except  that  the  velocity  was  extremely  quick. 

As  water  is  a  condu&or  as  well  as  metals,  it  is  to 
be  confidered  whether  the  velocity  of  the  ele&ric  fire 
might  not  be  difcovered  by  means  of  water ;  whether 
a  river,  or  lake,  or  fea,  may  not  be  made  part  of  the 
circuit  through  which  the  ele&ric  fire  pafles  ?  inftead 
of  the  circuit  all  of  wire,  as  in  the  above  experiment. 

Whether  in  a  river,  lake*  or  fea,  the  ele&ric  fire 
will  not  diffipate  and  not  return  to  the  bottle  ?  or* 
will  it  proceed  in  ftrait  lines  through  the  water  the 
fhorteft  courfes  poflible  back  to  the  bottle. 

If  the  laft,  then  fuppofe  one  brook  that  falls  into 
Delaware  doth  head  very  near  to  a  brook  that  falls  into 


1 


Schuylkill ,  and  let  a  wire  be  ftretched  and  fupported  as 
before,  from  the  head  of  the  one  brook  to  the  head  of 
the  other,  and  let  the  one  end  communicate  with  the 
water,  and  let  one  perfon  ftand  in  the  other  brook, 
holding  the  Leyden  bottle,  and  let  another  perfon  hold 
that  end  of  the  wire  not  in  the  water,  and  touch  the 
ring  of  the  bottle. — If  the  eleftric  fire  will  go  as  in 
the  lad:  queftion,  then  will  it  go  down  the  one  brook 
to  Delaware  or  Schuylkill ,  and  down  one  of  them  to 
their  meeting,  and  up  the  other  and  the  other  brook ; 
the  time  of  its  doing  this  may  poffibly  be  obfervable, 
and  the  further  upwards  the  brooks  are  chofen,  the 
more  obfervable  it  would  be. 

Should  this  be  not  obfervable,  then  fuppofe  the  two 
brooks  falling  into  Safquehana  and  Delaware ,  and  pro¬ 
ceeding  as  before,  the  eleftric  fire  may,  by  that  means, 
make  a  circuit  round  the  North  Cape  of  Virginia,  and 
go  many  hundreds  of  miles,  and  in  doing  that,  it 
would  feem  it  muft  take  fome  obfervable  time. 

If  ftill  no  obfervable  time  is  found  in  that  experi¬ 
ment,  then  fuppofe  the  brooks  falling  the  one  into  the 
Ohio ,  and  the  other  into  Safquehana ,  or  Potomack ,  in 
that  the  eleftric  fire  would  have  a  circuit  of  fome^ 
thoufands  of  miles  to  go  down  Ohio  to  MiJJiJippi ,  to 
the  Bay  of  Mexico ,  round  Florida ,  and  round  the  South 
Cape  of  Virginia ;  which,  I  think,  would  give  feme 
obfervable  time,  and  difeover  exactly  the  velocity. 

But  if  the  eleftric  fire  diffipates,  or  weakens  in  the 
water,  as  I  fear  it  does,  thefe  experiments  will  not 
anfwer. 
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RSodetv1/)T^0P1  CUppofc  a  tube  of  any  length  open  at 
-1756'  5  ’  k3  both  ends,  and  containing  a  moveable 

wire  of  juft  the  fame  length,  that  fills  its  bore.  If  I 
attempt  to  introduce  the  end  of  another  wire  into  the 
fame  tube,  it  muft  be  done  by  pufhing  forward  the 
wire  it  already  contains ;  and  the  inftant  I  prefs  and 
move  one  end  of  that  wire,  the  other  end  is  alfo. 
moved  ;  and  in  introducing  one  inch  of  the  fame  wire, 
I  extrude,  at  the  fame  time,  an  inch  of  the.firft,  from 
the  other  end  of  the  tube. 

If  the  tube  be  filled  with  water,  and  I  inject  an  ad¬ 
ditional  inch  of  water  at  one  end,  I  force  out  an  equal: 
quantity  at  the  other,  in  the  very  fame  inftant. 

And  the  water  forced  out  at  one  end  of  the  tube  is 
not  the  very  fame  water  that  was  forced  in  at  the 
other  end  at  the  fame  time,  it  was  only  in  motion  at 
the  fame  time.  ^ 

The  long  wire  made  ufe  of  in  the  experiment  to 
difcover  the  velocity  of  the  eledtric  fluid,  is  itfelf  filled 
with  what  we  call  its  natural  quantity  of  that  fluid, 
before  the  hook  of  the  Leyden  bottle  is  applied  to  one 
end  of  it. 

The  outfide  of  the  bottle  being  at  the  time  of  fuch 
application,  in  contact  with  the  other  end  of  the  wire ; 

the 


On  Philosophical  Subje&s .  29 1 

the  whole  quantity  of  electric  fluid  contained  in  the 
wire  is,  probably,*  put  in  motion  at  once. 

For  at  the  inftant  the  hook,  connefted  with  the 
inflde  of  the  bottle,  gives  out ;  the  coating,  or  outfide 
of  the  bottle,  draws  in  a  portion  of  that  fluid. 

If  fuch  long  wire  contains  precifely  the  quantity 
that  the  outfide  of  the  bottle  demands,  the  whole  will 
move  out  of  the  wire  to  the  outfide  of  the  bottle,  and 
the  over  quantity  which  the  inflde  of  the  bottle  con¬ 
tained,  being  exactly  equal,  will  flow  into  the  wire, 
and  remain  there,  in  the  place  of  the  quantity  the 
wire  had  juft  parted  with  to  the  outfide  of  the  bottle. 

But  if  the  wire  be  fo  long  as  that  one-tenth  (fup- 
pofe)  of  its  natural  quantity  is  fufficient  to  fupply 
what  the  outfide  of  the  bottle  demands,  in  fuch  cafe 
the  outfide  will  only  receive  what  is  contained  in  one- 
tenth  of  the  wire’s  length,  from  the  end  next  to  it ; 
though  the  whole  will  move  fo  as  to  make  room  at 
the  other  end  for  an  equal  quantity  ifluing,  at  the 
fame  time,  from  the  infide  of  the  bottle. 

So  that  this  experiment  only  fhews  the  extreme  faci¬ 
lity  with  which  the  ele£t ric  fluid  moves  in  metal  5  it 
can  never  determine  the  velocity. 

And,  therefore,  the  propofed  experiment  (though 
well  imagined,  and  very  ingenious)  of  fending  the 
fpark  round  through  a  vaft  length  of  fpace,  by  the 
waters  of  Sufquehannah ,  or  Potowmack ,  and  Ohio ,  would 
not  afford  the  fatisfaftion  defired,  though  we  could  be 

fure  that  the  motion  of  the  eleflric  fluid  would  be  in 

*  •  • 

that  traft,  and  not  under  ground  in  the  wet  earth  by 
the  fhorteft  way.  - 
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An  Account  of  the  new-invented  Penlylvanian 
Fire-Places  :  Wherein  their  ConJlruElion and 
Manner  of  Operation  is  particularly  explained ; 
their  Advantages  above  every  other  Method  of 
warming  Rooms  demonjlr ated ;  and  all  Objec- 
tions  that  have  been  raifed  againfi  the  TJfe  of 
them ,  anfwered  and  obviated .  With  Direc¬ 

tions  for  putting  them  up ,  and  for  ufing  them 
to  the  befi  Advantage.  And  a  Copper-Plate , 
in  which  the  fever al  parts  of  the  Machine  are 
exaElly  laid  down ,  from  a  Scale  of  equal  Parts,. 

By.  B.  F .  firjl  printed  at  Philadelphia  in  1745. 
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IN  thefe  Northern  Colonies  the  inhabitants  keep 

fires  to  fit  by  generally  feven  months  in  the  year ; 
that  is,  from  the  beginning  of  Offiober^  to  the  end  of 
April  \  and,  in  fame  winters,  near  eight  months,  by 
taking  in  part  of  September  and  May. 

Wood,  our  common  fuel,  which  within  thefe  hun¬ 
dred  years  might  be  had  at  every  man’s  door,  mu  ft 
now  be  fetched  near  one  hundred  miles  to  fome  towns, 
and  makes  a  very  confiderable  article  in  the  expence  of 
families. 

As  therefore  fo  much  of  the  comfort  and  conve- 
niency  of  our  lives,  for  fo  great  a  part  of  the  year, 
depends  on  the  article  of  fire  fince  fuel  is  become  fo 
expenfive,  and  (as  the  country  is  more  cleared  and  fet¬ 
tled) 


tied)  will  of  courfe  grow  fcarcer  and  dearer,  any  new 
propofal  for  faving  the  wood,  and  for  leflening  the 
charge,  and  augmenting  the  benefit  of  fire,  by  fome 
particular  method  of  making  and  managing  it,  may 
at  leaft  be  thought  worth  confideration. 

The  new  Fire  Places  are  a  late  invention  to  that 
purpofe,  of  which  this  paper  is  intended  to  give  a 
particular  account. 

That  the  reader  may  the  better  judge  whether  this 
method  of  managing  fire  has  any  advantage  over  thofe 
heretofore  in  ufe,  it  may  be  proper  to  confider  both 
the  old  and  new  methods  feparately  and  particularly, 
and  afterwards  make  the  companion. 

In  order  to  this,  his  neceffary  to  underhand  well, 
fome  few  of  the  properties  of  air  and  fire,  viz. 

i.  Air  is  rarified  by  heat ,  and  condenfed  by  cold>  i+e: 
the  fame  quantity  of  air  takes  up  more  fpace  when 
warm  than  when  cold.  This  may  be  fhown  by  feve- 
ral  very  eafy  experiments.  Take  any  clear  glafs  bot¬ 
tle,  (a  Florence  flafk  ftript  of  the  ftraw  is  beft)  place  it 
before  the  fire,  and  as  the  air  within  is  warmed  and 
rarified,  part  of  it  will  be  driven  out  of  the  bottle; 
turn  it  up,  place  its  mouth  in  a  veffel  of  water,  and 
remove  it  from  the  fire  ;  then,  as  the  air  within  cools 
and  contracts,  you  will  fee  the  water  rife  in  the  neck 
of  the  bottle,  fupplying  the  place  of  juft  fo  much  air 
as  was  driven  out.  Hold  a  large  hot  coal  near  the  fide 
of  the  bottle,  and  as  the  air  within  feels  the  heat,  it 
will  again  diftend  and  force  out  the  water. — Or,  fill  a 
bladder  not  quite  full  of  air,  tie  the  neck  tight,  and  lay  it 

before 
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before  a  fire  as  near  as  may  be  without  fcorching  the 
bladder;  as  the  air  within  heats,  you  will  perceive  it 
to  fwell  and  fill  the  bladder,  till  it  becomes  tight,  as  if 
full  blown:  Remove  it  to  a  cool  place,  and  you  will 
fee  it  fall  gradually,  till  it  becomes  as  lank  as  at  firft. 

2.  Air  rarified  and  diftended  by  heat  is  *  fpecifically 
lighter  than  it  was  before,  and  will  rife  in  other  air  of 
greater  denfity.  As  wood,  oil,  or  any  other  matter 
fpecifically  lighter  than  water,  if  placed  at  the  bottom 
of  a  vefiel  of  water,  will  rife  till  it  comes  to  the  top ; 
fo  rarified  air  will  rife  in  common  air,  till  it  either 
comes  to  air  of  equal  weight,  or  is  by  cold  reduced  to 
its  former  denfity. 

A  fire  then  being  made  in  any  chimney,  the  air 
over  the  fire  is  rarified  by  the  heat,  becomes  lighter, 
and  therefore  immediately  rifes  in  the  funnel,  and  goes 
out;  the  other  air  in  the  room  (flowing  towards  the 
chimney)  fuppiies  its  place,  is  rarified  in  its  turn,  and 
rifes  likewife ;  the  place  of  the  air  thus  carried  out  of 
the  room,  is  fupplied  by  frefli  air  coming  in  through 
doors  and  windows,  or,  if  they  be  fliut,  through  every 
crevice  with  violence,  as  may  be  feen  by  holding  a 
candle  to  a  key-hole :  If  the  room  be  fo  tight  as 
that  all  the  crevices  together  will  not  fupply  fo  much 
air  as  is  continually  carried  off,  then,  in  a  little  time, 
the  current  up  the  funnel  mu  ft  flag,  and  the  fmoke 
being  no  longer  driven  up,  muft  come  into  the  room. 

*  Body  or  matter  of  any  fort,  is  faid  to  be  fpecifically  heavier  or  lighter 
than  other  matter,  when  it  has  more  or  lefs  fubltance  or  weight  in  the  fame 
dimenfionse 

i.  Fire 


» » 


1.  Fire  (i.e,  common  fire)  throws  out  light,  heat, 

and  fmoke  (or  fume.)  The  two  firft  move  in  right 
lines,  and  with  great  fwiftnefs,  the  latter  is  but  juft 
feparated  from  the  fuel,  and  then  moves  only  as  it  is 
carried  by  the  ftream  of  ratified  air:  And  without  a 
continual  acceffion  and  receffion  of  air,  to  carry  off 
the  fmoaky  fumes,  they  would  remain  crouded  about 
the  fire,  and  ftifle  it.  w  . , 

2.  Heat  may  be  feparated  from  the  fmoke  as  well  as 
from  the  light,  by  means  of  a  plate  of  iron,  which 
will  fuffer  heat  to  pafs  through  it  without  the  others. 

3.  Fire  fends  out  its  rays  of  heat  as  well  as  rays  of 
light,  equally  every  way  3  but  the  greateft  fenfible  heat 
is  over  the  fire,  where  there  is,  befides  the  rays  of  heat 
fhot  upwards,  a  continual  riling  ftream  of  hot  air, 
heated  by  the  rays  fhot  round  on  every  fide. 

Thefe  things  being  underftood,  we  proceed  to  con- 
fider  the  fire-places  heretofore  in  ufe,  viz, 

1.  The  large  open  fire-places  ufed  in  the  days  of 
our  fathers,  and  ftill  generally  in  the  country,  and  in 
kitchens. 

2.  The  newer-fafliioned  fire-places,  with  low  breafts, 
and  narrow  hearths. 

3.  Fire-places  with  hollow  backs,  hearths,  and  jams 
of  iron,  (defcribed  by  M.  Gauger ,  in  his  tract  entitled, 
La  Mechanique  de  Feu)  for  warming  the  air  as  it  comes 
into  the  room. 

4.  The  Holland  ftoves,  with  iron  doors  opening  into 

the  room.  '  :  — 

5.  The 
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5.  The  German  ftoves,  which  have  no  opening  in 
the  room  where  they  are  ufed,  but  the  fire  is  put  in 
from  fome  other  room,  or  from  without. 

6.  Iron  pots,  with  open  charcoal  fires,  placed  in  the 
middle  of  a  room. 

1.  The  firft  of  thefe  methods  has  generally  thecon- 
veniency  of  two  warm  feats,  one  in  each  corner;  but 
they  are  fometimes  too  hot  to  abide  in,  and,  at  other 
times,  incommoded  with  the  fmoke ;  there  is  likewife 
good  room  for  the  cook  to  move,  to  hang  on  pots, 
&c.  Their  inconveniencies  are,  that  they  almoft  al¬ 
ways  fmoke,  if  the  door  be  not  left  open ;  that  they 
require  a  large  funnel,  and  a  large  funnel  carries  off  a 
great  quantity  of  air,  which  occafions  what  is  called 
a  ftrong  draft  to  the  chimney,  without  which  ftrong 
draft;  the  fmoke  would  come  out  of  fome  part  or  other 
of  fo  large  an  opening,  fo  that  the  door  can  feldom 
be  fhut ;  and  the  cold  air  fo  nips  the  backs  and  heels 
of  thofe  that  fit  before  the  fire,  that  they  have  no 
comfort  till  either  fcreens  or  fettles  are  provided  (at  a 
eonfiderable  expence)  to  keep  it  off,  which  both  cum¬ 
ber  the  room,  and  darken  the  fire-fide.  A  moderate 
quantity  of  wood  on  the  fire,  in  fo  large  a  hearth. 
Teems  but  little  ;  and,  in  fo  ftrong  and  cold  a  draught, 
warms  but  little;  fo  that  people  are  continually  laying 
on  more.  In  fhort,  his  next  to  impoffible  to  warm  a 
room  with  fuch  a  fire-place :  And  I  fuppofe  our  ancef- 
tors  never  thought  of  warming  rooms  to  fit  in ;  all 
they  purpofed  was,  to  have  a  place  to  make  a  fire  in, 
by  which  they  might  warm  themfelves  when  cold. 

2.  Moil 


2.  Moll:  of  thefe  old-fafhioned  chimneys  in  towns 
and  cities,  have  been,  of  late  years,  reduced  to  the 
fecond  fort  mentioned,  by  building  jambs  within  them, 
narrowing  the  hearth,  and  making  a  low  arch  or 
breaft.  Tis  flrange,  methinks,  that  though  chimneys 
have  been  fo  long  in  ufe,  their  conflrufrion  fhould  be 
fo  little  underflood  ’till  lately,  that  no  workman  pre¬ 
tended  to  make  one  which  fhould  always  carry  off  all 
fmoke,  but  a  chimney-cloth  was  looked  upon  as  eflen- 
tial  to  a  chimney.  This  improvement,  however,  by 
fmall  openings  and  low  breafts,  has  been  made  in  our 
days ;  and  fuccefs  in  the  firfl  experiments  has  brought 
it  into  general  ufe  in  cities,  fo  that  almofl  all  new 
chimneys  are  now  made  of  that  fort,  and  much  fewer 
bricks  will  make  a  flack  of  chimneys  now  than  for¬ 
merly.  An  improvement  fo  lately  made,  may  give  us 
room  to  believe,  that  flill  farther  improvements  may 
be  found  to  remedy  the  inconveniencies  yet  remaining. 
For  thefe  new  chimneys,  though  they  keep  rooms  ge¬ 
nerally  free  from  fmoke,  and,  the  opening  being  con- 
trafted,  will  allow  the  door  to  be  fliut,  yet  the  funne 
flill  requiring  a  confiderable  quantity  of  air,  it  rallies 
in  at  every  crevice  fo  flrongly,  as  to  make  a  continual 
whiffling  or  howling  and  it  is  very  uncomfortable,  as 
well  as  dangerous,  to  fit  againfl  any  fuch  crevice. 
Many  colds  are  caught  from  this  caufe  only,  it  being 
fafer  tofit  in  the  open  flreet,  for  then  the  pores  do  all 
clofe  together,  and  the  air  does  not  flrike  fo  fliarply 
againfl  any  particular  part  of  the  body. 


The 
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The  Spaniards  ’ have  a  proverbial  faying, 

If  the  wind  blows  on  you  through  a. hole , 

Make  your  will ,  and  take  oare  of  four  foul. 

Women  particularly,  from  this  caufe,  as  they  lit  much 
in  the  houfe,  get  colds  in  the  head,  rheums  and  de~ 
Auctions,  which  fall  into  their  jaws  and  gums,  and 
have  deftroyed  early  many  a  fine  let  of  teeth  in  thefe 
northern  colonies.  Great  and  bright  fires  do  alfo  very 
much  contribute  to  damage  the  eyes,  dry  and  fhrivel 
the  fkin,  and  bring  on  early  the  appearances  of  old 
age.  In  fhort,  many  of  the  cfifeafes  proceeding  from 
colds,  as  fevers,  pleurifies,  &c.  fatal  to  very  great 
numbers  of  people,  may  be  afcribed  to  ftrong  drawing 
chimneys,  whereby,  in  fevere  weather,  a  man  is 
fcorched  before,  while  he  is  froze  behind  In  the 

1  *■  _ 

*  As  the  writer  is  neither  phyfician  nor  philofopher,  the  reader  may 
expedt  he  fhould  juftify  thefe  his  opinions  by  the  authority  of  fome  that 
are  fo.  M  Clare „  F.  R.  S.  in  his  treatife  of  7 be  motion  of  fluids,  fays,  pag. 
246,  &c.  “  And  here  it  may  be  remarked,  that  it  is  more  prejudicial  to 
44  health  to 'fit  near  a  window  or  door,  in  a  room  where  there  are  many 
44  -candles  and  a  .fire,  than  in  a  room  without ;  for  the  confumption  of 
44  air  thereby  occafioned,  will  always  be  very  confiderable,  and  this  muii 
44  neceifarily  be  replaced  by  cold  air  from  without.  Down  the  chimney 
46  can  enter  none,  the  ftream  of  warm  air,  always  arifing  therein,  abfo- 
44  lutely  forbids  it ;  the  fupply  muft  therefore  come  in  wherever  other 
46  openings  fliall  be  found,  if  the(e  happen  to  be  fmall,  let  thofe  who  fit 
44  near  thejn  beware thefmaller  the  floodgate,  the  fmarter  will  be  the  ftream. 
44  -Was  a  man,  even  in  a  fwe.at,  to  leap  into  a- cold  barh,  or  jump  from 
44  his  warm  bed,  in  the  intenfeft.cold,  even  in  a  froif,  provided  he  do  not 
44  continue  over-long  therein,  and  be  in  health  when  he  does  this,  we  fee 
44  by-.experience  that  he  gets  no  harm.  -If  he  fits  a  little  while  againft  a 
44  window,  into  which  a  fuccefiive  current  of  cold  air. comes,  his  pores 
44  are  doled,  and  he  gets  a  fever.  In  the  firft  cafe,  the  fhock  the  body 
44  endures  is  general,  uniform,  and  therefore  lefs  fierce.:;  in  the  other  a 

4  Angle  part,  a  neck,  or  ear  perchance,  is  attacked,  and  that  with  the 
44  greater  violence. probably,  as  it-is  done  by  a  fuccefiive  fiream  of  cold.ak. 
a  And  the  cannon  of  a  battery,  .pointed  againft:  a  Angle  part  of  a  baft  ion, 

4  4  will 


mean  time,  very  little  is  done  by  thefe  chimneys  to¬ 
wards  warming  the  room ;  for  the  air  round  the  fire¬ 
place,  which  is  warmed  by  the  diredl  rays  from  the 
fire,  does  not  continue  in  the  room,  but  is  continually 
crouded  and  gathered  into  the  chimney  by  the  current 
of  cold  air  coming  behind  it,  and  fo  is  prefently  car¬ 
ried  off. 

<,.rt  a;  yr: rorp  i  -  jKS.’.  ■  V, 

u  will  eafier  make  a  breach  than  were  they  directed  to  play  fingly  upon  the 
“  whole  face,  and  will  admit  the  enemy  much  fooner  into  the  town.” 

That  warm  rooms,  and  keeping  the  body  warm  in  winter,  are  means 
of  preventing  fuch  difeafes,  take  the  opinion  of  that  learned  Italian  phyfi- 
cian  Antonino  Pardo ,  in  the  preface  to  his  tra&,  de  Militis  Sanitate  tuendas 
where,  fpeaking  of  a  particular  wet  and  cold  winter,  remarkable  at  Venice 
for  its  ficklinefs,  he  fays,  Popularis  autem  pleuritis  qua  Venetiis  Javiit  men- 
fibus  Dec.  Jan.  Peb.  ex  call ,  aerifque  indcmentia  faha  ejl,  quod  non  habeant 
kypocaujla  [ffove-rooms]  &  quod  non  foliciti funt  Itali  omnes  de  auribus ,  tem- 
poribus ,  collo,  totoque  corpore  defendendis  ab  injuriis  aeris  ;  et  tegmina  domorum 
V eneti  difp onant  parum  inclinata ,  ut  nives  diutius  permaneant  fuper  tegtnina: 
E  contra ,  Germani,  qui  experiuntur  cali  inclementiam ,  perdidicere  fefe  defend 
dere  ab  ad  is  injuria .  Telia  conflruunt  multum  inclinata ,  ut  decidant  nives , 
Germani  abundant  dgnis ,  do?nufque  hypocauftis  ;  foris  autem  incedunt  pannis 
pellibus ,  gofflpio ,  bene  mehercule  loricati  aique  muniti.  In  Bavaria  interroga - 
bam  (curiofitate  motus  videndi  Germaniam )  quotnam  elapfis  menfibus  pleurir 
tide  v el  peripneumonia  fuiffent  abfumti ;  dicebant  vix  unus  aut  alter  tills  tern - 
poribus  pleuritide  fuit  correptus. 

The  great  Dr.  Boerhaave ,  whofe  authority  alone  might  be  fufficient,  in 
his  Aphorrfms,  mentions,  as  one  antecedent  caufe  of  pleurifies,  a  cold  air, 
driven  violently  through  fome  narrow  pajfage  upon  the  body,  overheated  by  la¬ 
bour  or  fire.  *  i 

The  Eaflern  phyficians  agree  with  the  Europeans  in  this  point  ;  witnefk 
the  Chinefe  treatife  entitled,  Tchang  feng  ;  i.  e.  The  art  of  procuring  health  and 
long  life ,  as  tranflated  in  Pere  Du  Halde's  account  ol  China ,  which  has 
this  paftage.  As  of  all  the  paffons  which  ruffle  us.  Anger  does  the  mof  mif- 
chiefy  fo  of  all  the  malignant  affections  of  the  air,  a  wind  that  comes  through 
any  narrow  paflage*  which  is  cold  and  piercing,  is  mod  dangerous  ;  and  com¬ 
ing  upon  us  unawares  infinuates  itfelf  into  the  body ,  often  caufmg  grievous  dif¬ 
eafes.  It  Jhould  therefore  be  avoided ,  according  to  the  advice  of  the  antient 
proverb,  as  carefully  as  the  point  of  an  arrow.  Thefe  mifehiefs  are  avoided 
by  the  ufe  of  the  new-invented  fire-places,  as  wi  1  be  (hewn  hereafter. 

Qlq  2  In 
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In  both  thefe  forts  of  fire-places,  the  greateft  part 
of  the  heat  from  the  fire  is  loft ;  for  as  fire  naturally 
darts  heat  every  way,  the  back,  the  two  jambs,  and 
the  hearth,  drink  up  almoft  all  that  is  given  them, 
very  little  being  reflected  from  bodies  fo  dark,  porous, 
and  unpolifhed;  and  the  upright  heat,  which  is  by  far 
the  greateft,  flies  direftly  up  the  chimney.  Thus  five- 
fixths  at  leaft  of  the  heat  (and  confequently  of  the 
fewel)  is  wafted,  and  contributes  nothing  towards 
warming  the  room. 

3,  To  remedy  this,  ,  the  Sieur  Gauger  gives,  in  his 
book  entitled,  La  Meebanique  de  Feu ,  publifhed  in 
1709,  feven  different  conftrucfions  of  the  third  fort  of 
chimneys  mentioned  above,  in  which  there  are  hollow 
cavities  made  by  iron  plates  in  the  back,  jambs,  and 
hearths,  through  which  plates  the  heat  paffing,  warms 
the  air  in  thoie  cavities,  which  is  continually  coming 
into  the  room  frefh  and  warm.  The  invention  was 
very  ingenious,  and  had  many  conveniencies :  The 
room  was  warmed  in  all  parts,  by  the  air  flowing  into 
it  through  the  heated  cavities  ;  Cold  air  was  prevented 
rufhing  through  the  crevices,  the  funnel  being  fuffi- 
ciently  fupplied  by  thofe  cavities  :  Much  lefs  fuel 
would  ferve,  &e.  But  the  firft  expence,  which  was 
very  great;  the  intricacy  of  the  defign,  and  the  diffi-, 
culty  of  the  execution,  efpecially  in  old  chimneys, 
difcouraged  the  propagation  of  the  invention ;  fo  that 
there  are,  l  fuppofe,  very  few  fuch  chimneys  now  in 
ufe.  [The  upright  heat,  too,  was  almoft  all  loft  in 
thefe,  as  in  the  common  chimneys.] 

4.  The 


3°i 


4.  The  Holland  iron  ftove,  which  has  a  flue  proceed¬ 
ing  from  the  top,  and  a  fmall  iron  door  opening  into 
the  room,  comes  next  to  be  confidered.  Its  conve- 
niencies  are,  that  it  makes  a  room  all  over  warm ,  for 
the  chimney  being  wholly  clofed,  except  the  flue  of 
the  ftove,  very  little  air  is  required  to  fupply  that,  and 
therefore  not  much  rufhes  in  at  crevices,  or  at  the 
door  when  it  is  opened.  Little  fewel  ferves,  the  heat 
being  almoft  all  faved  ;  for  it  rays  out  almoft  equally 
from  the  four  ftdes,  the  bottom  and  the  top,  into  the 
room,  and  prefently  warms  the  air  around  it,  which 
being  rarified,  rifes  to  the  cieling,  and  its  place  is  fup- 
plied  by  the  lower  air  of  the  room,  which  flows  gra¬ 
dually  towards  the  ftove,  and  is  there  warmed,  and 
rifes  in  its  turn,  fo  that  there  is  a  continual  circula- 
lation  till  all  the  air  in  the  room  is  warmed.  The  air, 
too,  is  gradually  changed,  by  the  ftove-door’s  being  in 
the  room,  through  which  part  of  it  is  continually 
palling,  and  that  makes  thefe  ftoves  wholefomer,  or 
at  leaft  pleafanter  than  the  German  ftoves,  next  to  be 
fpoken  of. — But  they  have  thefe  inconveniences.  There 
is  no  fight  of  the  fire,  which  is  in  itfelf  a  pleafant 
thing.  One  cannot  conveniently  make  any  other  ufe 
of  the  fire  but  that  of  warming  the  room.  When  the 
room  is  warm,  people  not  feeing  the  fire,  are  apt  to 
forget  fupplying  it  with  fuel  till  it  is  almoft  out,  then, 
growing  cold,  a  great  deal  of  wood  is  put  in,  which 
foon  makes  it  too  hot.  The  change  of  air  is  not  car¬ 
ried  on  quite  quick  enough,  fo  that  if  any  fmoke  or 
ill  fmell  happens  in  the  room,  it  is  a  long  time  before 

it 
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it  is  difcharged.  For  thefe  reafons  the  Holland  ftove 
has  not  obtained  much  among  the  Englijh  (who  love 
the  fight  of  the  fire)  unlefs  in  fome  workfhops,  where 
people  are  obliged  to  fit  near  windows  for  the  light, 
and  in  fuch  places  they  have  been  found  of  good  ufe. 

5.  The  German  ftove  is  like  a  box,  one  fide  wanting. 
It  is  compofed  of  five  iron  plates  fcrued  together,  and 
fixed  fo  as  that  you  may  put  the  fuel  into  it  from  an¬ 
other  room,  or  from  the  outfide  of  the  houfe.  It  is  a 
kind  of  oven  reverfed,  its  mouth  being  without,  and 
body  within  the  room  that  is  to  be  warmed  by  it. 
This  invention  certainly  warms  a  room  very  fpeedily 
and  thoroughly  with  little  fuel :  No  quantity  of  cold 
air  comes  in  at  any  crevice,  becaufe  there  is  no  dis¬ 
charge  of  air  which  it  might  fupply,  there  being  no 
paffage  into  the  ftove  from  the  room.  Thefe  are  its 
conveniences. "  Its  inconveniencies  are,  That  people 
have  mot  even  fo  much  fight  or  ufe  of  the  fire  as  in 
the  Holland  ftoves,  and  are,  moreover,  obliged  to  breathe 
the  fame  unchanged  air  continually,  mixed  with  the 
breath  and  perfpiration  from  one  another’s  bodies, 
which  is  very  difagreeable  to  thofe  who  have  not  been 
accuftomed  to  it. 

6.  Charcoal  fires  in  pots,  are  ufed  chiefly  in  the 
fhops  of  handicraftsmen.  They  warm  a  room  (that 
is  kept  clofe,  and  has  no  chimney  to  carry  off  the 
warmed  air)  very  fpeedily  and  uniformly ,  but  there 
being  no  draught  to  change  the  air,  the  fulphurous 
fumes  from  the  coals  [be  they  ever  fo  well  kindled  be¬ 
fore  they  are  brought  in,  there  will  be  fome]  mix  with 

it, 
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k,  render  it  difagreeable,  hurtful  to  fome  conftitu- 
tions,  and  fometimes,  when  the  door  is  long  kept 
fhut,  produce  fatal  confequences. 

To  avoid  the  feveral  inconveniencies,  and  at  the 
fame  time  retain  all  the  advantages  of  other  fire-places, 
was  contrived  the  Pensvlvania  Fire-Place,  now  to 
be  defcribed. 

This  Machines  confifts  of 

A  bottom-plate,  (i)  [See  the  Plate  annexed .] 

A  back  plate,  (ii) 

Two  fide  plates,  (iii  iii) 

Two  middle  plates,  (iv  iv)  which  joined  together, 
form  a  tight  box,  with  winding  paffages  *in  it  for 
warming  the  air. 

A  front  plate,  '(v) 

A  top 'plate,  (vi) 

Thefe  are  all  caft  of  iron,  with  mouldings  or  ledges 
where  the  plates  come  together,  to  hold  them  faft,  and 
retain  the  mortar  ufed  for  pointing  to  make  tight 
joints.  'When  the  plates  are  all  in  their  places,  a  pair 
of  {lender  rods  with  fcrews,  are  fufEcient  to  bind  the 
whole  'very  firmly  together,  as  it  appears  in  Fig .  2. 

There  are,  moreover,  two  thin  plates  of  wrought 
iron,  viz.  the  flutter,  (vii)  and  the  regifter,  (viii)  ; 
befides  the  fcrew-rods  O  P,  all  which  we  fhall  explain 
in  their  order. 

(i)  The  bottom  plate  or  hearth-piece,  is  round  be¬ 
fore,  with  a  rifing  moulding  that  ferves  as  a  .fender  to 
keep  coals  and  allies  from  coming  to  the  door,  &c. 
It  has  two  ears,  F  G,  perforated  to  receive  the  ferew.- 
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rods  O  P  5  a  long  air-hole,  a  a,t  through  which  the 
frefh  outward  air  paffes  up  into  the  air-box ;  and  three 
fmoke-holes  B  C  through  which  the  fmoke  defcends 
and  paffes  away  \  all  reprefented  by  dark  fquares.  It 
tias  alfo  double  ledges  to  receive  between  them  the 
bottom  edges  of  the  back  plate,  the  two  fide-plates, 
and  the  two  middle-plates.  Thefe  ledges  are  about  an 
inch  afunder,  and  about  half  an  inch  high ;  a  profile 
of  two  of  them  joined  to  a  fragment  of  plate,  ap¬ 
pears  in  Fig.  3. 

(ii)  The  back  plate  is  without  holes,  having  only 
a  pair  of  ledges  on  each  fide,  to  receive  the  back  edges 
of  the  two 

(iii  iii)  Side-plates  :  Thefe  have  each  a  pair  of  ledges 
to  receive  the  fide-edges  of  the  front-plate,  and  a 
little  fhoulder  for  it  to  reft  on ;  alfo  two  pair  of  ledges 
to  receive  the  fide-edges  of  the  two  middle  plates  which 
form  the  air-box  ;  and  an  oblong  air-hole  near  the 
top,  through  which  is  difcharged  into  the  room  the 
air  warmed  in  the  air-box.  Each  has  alfo  a  wing  or 
bracket,  H  and  I,  to  keep  in  falling  brands,  coals, 
&c.  and  a  fmall  hole,  Qjmd  R,  for  the  axis  of  the 
regift er  to  turn  in. 

(iv  iv)  The  air-box  is  compofed  of  the  two  middle 
plates  D  E  and  F  G.  The  firft  has  five  thin  ledges  or 
partitions  caft  on  it,  two  inches  deep,  the  edges  of 
which  are  received  in  fo  many  pair  of  ledges  caft  in 
the  other,  The  tops  of  all  the  cavities  formed  by 
thefe  thin  deep  ledges,  are  alfo  covered  by  a  ledge  of 
the  fame  form  and  depth,  caft  with  them  $  fo  that 

when 
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when  the  plates  are  put  together,  and  the  joints  luted, 
there  is  no  communication  between  the  air-box  and 
the  fmoke.  In  the  winding  pafTages  of  this  box, 
frefh  air  is  warmed  as  it  pafies  into  the  room. 

(v)  The  front  plate  is  arched  on  the  under  fide, 
and  ornamented  with  foliages,  &c.  it  has  no  ledges. 

(vi)  The  top  plate  has  a  pair  of  ears,  M  N,  an- 
fwerable  to  thofe  in  the  bottom  plate,  and  perforated 
for  the  fame  purpofe :  It  has  alfo  a  pair  of  ledges  run¬ 
ning  round  the  under  fide,  to  receive  the  top  edges  of 
the  front,  back,  and  fide-plates.  The  air-box  does 
not  reach  up  to  the  top  plate  by  two  inches  and  half. 

(vii)  The  fnutter  is  of  thin  wrought  iron  and  light, 
of  fuch  a  length  and  breadth  as  to  clofe  well  the  open¬ 
ing  of  the  fire-place.  It  is  ufed  to  blow  up  the  fire, 
and  to  fhut  up  and  fecure  it  a  nights.  It  has  two 
brafs  knobs  for  handles,  d  d,  and  commonly  flides  up 
and  down  in  a  groove,  left,  in  putting  up  the  fire¬ 
place,  between  the  foremofi:  ledge  of  the  fide-plates, 
and  the  face  of  the  front  plate  5  but  fome  chufe  to  fet 
it  afide  when  it  is  not  in  ufe,  and  apply  it  on  occafion. 

(viii)  The  regifter  is  alfo  of  thin  wrought  ir6n.  It 
is  placed  between  the  back  plate  and  air-box,  and  can, 
by  means  of  the  key  S,  be  turned  on  its  axis,  fo  as 
to  lie  in  any  pofition  between  level  and  upright. 

The  fcrew-rods  O  P  are  of  wrought  iron,  about  a 
third  of  an  inch  thick,  with  a  button  at  bottom,  and 
a  fcrew  and  nut  at  top,  and  may  be  ornamented  with 
two  fmall  brafles  fcrewed  on  above  the  nuts. 

To  put  this  machine  to  work, 
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i  .  A  falfe  back  of  four  inch  (or,  in  fhallow  fmall 
chimnies,  two  inch)  brick  work  is  to  be  made  in  the 
chimney,  four  inches  or  more  from  the  true  back  : 
From  the  top  of  this  falfe  back  a  doling  is  to  be  made 
over  to  the  breaft  of  the  chimney,  that  no  air  may 
pafs  into  the  chimney,  but  what  goes  under  the  falfe 
back,  and  up  behind  it. 

2.  Some  bricks  of  the  hearth  are  to  be  taken  up, 
to  form  a  hollow  under  the  bottom  plate;  acrofs 
which  hollow  runs  a  thin  tight  partition,  to  keep  apart 
the  air  entering  the  hollow  and  the  fmoke ;  and  is 
therefore  placed  between  the  air-hole  and  fmoke-holes. 

3.  A  paffage  is  made,  communicating  with  the  out¬ 
ward  air,  to  introduce  that  air  into  the  fore  part  of 
the  hollow  under  the  bottom  plate,  whence  it  may  rife 
through  the  air-hole  into  the  air-box. 

4.  A  paffage  is  made  from  the  back  part  of  the  hol¬ 
low,  communicating  with  the  flue  behind  the  falfe 
back :  Through  this  paffage  the  fmoke  is  to  pafs. 

The  fire-place  is  to  be  erefted  upon  thefe  hollows, 
by  putting  all  the  plates  in  their  places,  and  fcrewing 
them  together. 

Its  operation  may  be  conceived  by  obferving  the 
following  : 
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M  The  mantle-piece,  or  breaft  of  the  chimney. 

C  The  funnel. 

B  The  falfe  back  and  doling. 

E  True  back  of  the  chimney. 

T  Top  of  the  fire-place. 

F  The  front  of  it. 

A  The  place  where  the  fire  is  made. 

D  The  air-box. 

K  The  hole  in  the  fide-plate,  through  which 
the  warmed  air  is  difeharged  out  of  the 
air-box  into  the  room. 

11  The  hollow  filled  with  frefh  air,  entering  at 
the  pallage  /,  and  afeending  into  the  air- 
box  through  the  air-hole  in  the  bottom 
plate  near 

G  The  partition  in  the  hollow  to  keep  the  air 
and  fmoke  apart. 

P  The  palTage  under  the  falfe  back  and  part  of 
the  hearth  for  the  fmoke. 

The  arrows  fliew  the  courfe  of  the  fmoke. 


The  fire  being  made  at  A,  the  flame  and  fmoke  will 
afeend  and  ftrike  the  top  T,  which  will  thereby  re¬ 
ceive  a  considerable  heat.  The  fmoke,  finding  no  paf- 
lage  upwards,  turns  over  the  top  of  the  air-box,  and 
defeends  between  it  and  the  back  plate  to  the  holes 
in  the  bottom  plate,  heating,  as  it  pafles,  both 
plates  of  the  air-box,  and  the  faid  back  plate ;  the 
front  plate,  bottom  and  fide  plates,  are  alfo  all  heated 
at  the  fame  time.  The  fmoke  proceeds  in  the  paflage 
that  leads  it  under  and  behind  the  falfe  back,  and  fo 
rifes  into  the  chimney.  The  air  of  the  room,  warmed 

R  r  2  behind 
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behind  the  back  plate,  and  by  the  fides,  front,  and 
top  plates,  becoming  fpecifically  lighter  than  the  other 
air  in  the  room,  is  obliged  to  rife;  but  the  clofure 
over  the  fire-place  hindering  it  from  going  up  the 
chimney,  it  is  forced  out  into  the  room,  fifes  by  the 
mantle-piece  to  the  cieling,  and  fpreads  all  over  the 
top  of  the  room,  whence  being  crouded  down  gra¬ 
dually  by  the  ftream  of  newly-warmed  air  that  follows 
and  rifes  above  it,  the  whole  room  becomes  in  a  fhort 
time  equally  warmed. 

At  the  fame  time  the  air,  warmed  under  the  bot¬ 
tom  plate,  and  in  the  air-box,  rifes  and  comes  out  of 
the  holes  in  the  fide-plates,  very  fwiftly  if  the  door 
of  the  room  be  fhut,  and  joins  its  current  with  the 
ftream  before-mentioned,  riftng  from  the  fide,  back, 
and  top  plates,. 

The  air  that  enters  the  room  through  the  air  box  is 
frefh,  though  warm ;  and,  computing  the  fwiftnefs 
of  its  motion  with  the  areas  of  the  holes,  it  is  found 
that  near  ten  barrels  of  frefh  air  are  hourly  intro¬ 
duced  by  the  air-box ;  and  by  this  means  the  air  in 
the  room  is  continually  changed,  and  kept,  at  the 
fame  time,  fweet  and  warm. 

It  is  to  be  obferved,  that  the  entering  air  will  not 
be  warm  at  firft  lighting  the  fire,  but  heats  gradually 
as  the  fire  encreafes.  -  -  :  -  • 

A  fquare  opening  for  a  trap-door  fhould  be  left'  in 
the  doling  of  the  chimney,  for  the  fweeper  to  go  up  : 
The  door  may  be  made  of  flate  or  tin,  and  commonly 
kept  clofe  fhut,  but  fo  placed  as  that  turning  up 

.again# 
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again  ft  the  back  of  the  chimney  when  open,  it  doles 
the  vacancy  behind  the  falfe  back,  and  (hoots  the  i'o& , 
that  falls  in  (weeping,  out  upon  the  hearth.  This 
trap-door  is  a  very  convenient  thing. 

In  rooms  where  much  fmoking  of  tobacco  is  ufed, 
it  is  alfo  convenient  to  have  a  fmall  hole  about  five  or 
fix  inches  fquare,  cut  near  the  cieling  through  into  the 
funnel  :  This  hole  muft  have  a  fhutter,  by  which  it 
may  be  cl o fed  or  opened  at  pleafure.  When  open, 
there  will  be  a  ftrong  draught  of  air  through  it  into 
the  chimney,  which  will  prefently  carry  off  a  cloud  of 
fimoke,  and  keep  the  room  clear  :  If  the  room  be  too 
hot  likewife,  it  will  carry  off  as  much  of  the  warm 
air  as  you  pleafe,  and  then  you  may  flop  it  entirely, 
or  in  part,  as  you  think  fit.  By  this  means  it  is,  that 
the  tobacco  fmoke  does  not  defeend  among  the  heads 
of  the  company  near  the  fire,  as  it  muft  do  before  it 
can  get  into  common  chimneys. 

•J  ♦  «  •  '/ 

w 

The  Maimer  of  njing  this  Fire-Place. 

K 

•'  CM  t  J  <  ~  «  4  ... 

Your  cord-wrood  muft  be  cut  into  three  lengths ;  or 
elfe  a  fhort  piece,  fit  for  the  fire-place,  cut  off,  and 
the  longer  left  for  the  kitchen  or  other  fires.  Dry 
hickery,  or  afh,  or  any  woods  that  burn  with  a  clear 
flame  are  rather  to  be  chofen,  becaufe  fuch  are  lefs 
apt  to  foul  the  fmoke-paflages  with  foot ;  and  flame 
communicates,  with  its  light,  as  well  as  by  contad, 
greater  heat  to  the  plates  and  room.  But  where  more 
ordinary  w^ood  is  ufed,  half  a  dry  faggot  of  brufli- 
wood,  burnt  at  the  firft  making  the  fire  in  the  morn¬ 
ing 
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ing  is  very  advantageous,  as  it  immediately,  by  its 
fudden  blaze,  heats  the  ,plates,  and  warms  the  room, 
(which  with  bad  wood  {lowly  kindling  would  not  be 
done  fo  foon)  and  at  the  fame  time,  by  the  length  of 
its  flame,  turning  in  the  pafiages,  confumes  and  clean- 
fes  away  the  foot  that  fuch  bad  fmoaky  wood  had  pro¬ 
duced  therein  the  preceding  day,  and  fo  keeps  them 
always  free  and  clean. — When  you  have  laid  a  little 
back  log,  and  placed  your  billets  on  fmall  dogs,  as  in 
common  chimneys,  and  put  fome  fire  to  them,  then 
Aide  down  your  ftiutter  as  low  as  the  dogs,  and  the 
opening  being  by  that  means  contrafted,  the  air  rufhes 
in  brilkly,  and  prefently  blows  up  the  flames.  When 
the  fire  is  fufficiently  kindled,  Aide  it  up  again  *.  In 
fome  of  thefe  fire-places  there  is  a  little  fix-inch  fquare 
trap-door  of  thin  wrought  iron  or  brafs,  covering  a 
hole  of  like  dimenfions  near  the  fore-part  of  the  bot¬ 
tom  plate,  which  being  by  a  ring  lifted  up  towards 
the  fire,  about  an  inch,  where  it  will  be  retained  by 
two  fpringing  fides  fixed  to  it  perpendicularly  [See  the 
Plate ,  Fig.  4.]  the  air  rufhes  in  from  the  hollow  under 
the  bottom  plate,  and  blows  the  fire.  Where  this  is 
ufed,  the  ftiutter fierves  only  to  clofe  the  fire  at  nights. 

The  more  forward  you  can  make  your  fire  on  the 

-  '  .  ,  V, . ; 


*  The  fhutter  is  Aid  up  and  down  in  this  manner,  only  in  thofe  fire¬ 
places  which  are  fo  made  as  that  the  d iff ance  between  the  top  of  the 
arched  opening,  and  the  bottom  plate,  is  the  fame  as  the  diftance  between 
it  and  the  top  plate.  Where  the  arch  is  higher,  as  it  is  in  the  draught  an¬ 
nexed,  (which  is  agreeable  to  the  laft  improvements)  the  fhutter  is  fet  by., 
and  applied  occafionally  ;  becaufe  if  it  were  made  deep  enough  to  clofe 
the  whole  opening  when  flid  down,  it  would  hide  part  of  it  when  up. 
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the  hearth-plate,  not  to  be  incommoded  by  the  fmoke, 
the  fooner  and  more  will  the  room  be  warmed.  At 
night,  when  you  go  to  bed,  cover  the  coals  or  brands 
with  allies  as  ufual ;  then  take  away  the  dogs,  and 
Hide  down  the  fhutter  clofe  to  the  bottom-plate, 
fweeping  a  little  allies  againft  it,  that  no  air  may  pals 
under  it ;  then  turn  the  regifter,  fo  as  very  near  to  Hop 
the  flue  behind.  If  no  fmoke  then  comes  out  at  cre¬ 
vices  into  the  room,  it  is  right  :  If  any  fmoke  is  per¬ 
ceived  to  come  out,  move  the  regifter,  fo  as  to  give 
a  little  draught,  and  it  will  go  the  right  way. — Thus 
the  room  will  be  kept  warm  all  night;  for  the  chim¬ 
ney  being  almoft  entirely  ftopt,  very  little  cold  air,  if 
any,  will  enter  the  room  at  any  crevice.  When  you 
come  to  re-kindle  the  fire  in  the  morning,  turn  open 
the  regifter  before  you  lift  up  the  llider,  otherwife,  if 
.  there  be  any  fmoke  in  the  fire-place,  it  will  come  out 
into  the  room.  By  the  fame  ufe  of  the  fhutter  and 
regifter,  a  blazing  fire  may  be  prefently  ftified,  as  well 
as  fecured,  when  you  have  occafion  to  leave  it  for  any 
time;  and  at  your  return  you  will  find  the  brands 
warm,  and  ready  for  a  fpeedy  rekindling.  The  fhutter 
alone  will  not  ftifle  a  fire,  for  it  cannot  well  be  made 
to  fit  fo  exa&ly  but  that  air  will  enter,  and  that  in  a 
violent  ftream,  fo  as  to  blow  up  and  keep  alive  the 
flames,  and  confume  the  wood,  if  the  draught  be  not 
checked  by  turning  theuegifter  to  fhut  the  flue  behind. 
The  regifter  has  alfo  two  other  ufes.  If  you  obferve 
the  draught  of  air  into  your  fire-place  to  be  ftronger 
than  is  neceflary,  (as  in  extreme  cold  weather  it  often 
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is)  fo  that  the  wood  is  confumed  fafter  than  ufual ;  in. 
that  cafe,  a  quarter,  half,  or  two-thirds  turn  of  the 
regifter,  will  check  the  violence  of  the  draught,  and 
let  your  fire  bum  with  the  moderation  youdehre: 
And  at  the  fame  time  both  the  fire-place  and  the  room 
will  be  the  warmer,  becaufe  lefs  cold  air  will  enter  and 
pafs  through  them, — And  if  the  chimney  fhouid  happen 
to  take  fire,  (which  indeed  there  is  very  little  danger 
of,  if  the  preceding  direction  be  obferved  in  making 
fires,  and  it  be  well  fwept  once  a  year ;  for,  much  lefs 
wood  being  burnt,  lefs  foot  is  proportionably  made ; 
and  the  fuel  being  foon  blown  into  flame  by  the  {flut¬ 
ter  (or  the  trap-door  bellows)  there  is  confequently  lefs 
fmoke  from  the  fuel  to  make  foot ;  then,  though  the 
funnel  fhouid  be  foul,  yet  the  fparks  have  fuch  a 
crooked  up  and  down  round  about  way  to  go,  that 
they  are  out  before  they  get  at  it,  ,1  fay,  if  ever  it 
fhouid  be  on  fire,  a  turn  of  the  regifter  fhuts  all  clofe, 
and  prevents  any  air  going  into  the  chimney,  and  fo 
the  fire  may  eaftly  be  ftifled  and  mattered. 

The  Advantages  of  this  Fire-Place. 

Its  advantages  above  the  common  fire-places  are, 

i.  That  your  whole  room  is  equally  warmed,  fo 
that  people  need  not  croud  fo  clofe  round  the  fire,  but 
may  fit  near  the  window,  and  have  the  benefit  of  the 
light  for  reading,  writing,  needle-work,  &c.  They 
may  fit  with  comfort  in  any  part  of  the  room,  which 
is  a  very  confiderable  advantage  in  a  large  family,  where 

there 


I 


On  Philofophkal  Subjects.  313 

there  mull  often  be  two  fires  kept,  becaufe  all  cannot 
conveniently  come  at  one. 

2.  If  you  fit  near  the  file,  you  have  not  that  cold 
draught  of  uncomfortable  air  nipping  your  back  and 
heels,  as  when  before  commom  fires,  by  which  many 
catch  cold,  being  fcorched  before,  and,  as  it  were, 
froze  behind. 

3.  If  you  fit  againfl:  a  crevice,  there  is  not  that 
fharp  draught  of  cold  air  playing  on  you,  as  in  rooms 
where  there  are  fires  in  the  common  way ;  by  which 
many  catch  cold,  whence  proceed  coughs  *,  catarrhs, 
tooth-achs,  fevers,  pleurifies,  and  many  other  difeafes. 

4.  In  cafe  of  ficknefs  they  make  moft  excellent  nur¬ 
sing  rooms  ;  as  they  conftantly  fupply  a  fufficiency  of 
frefh  air,  fo  warmed  at  the  fame  time  as  to  be  no  way 
inconvenient  or  dangerous.  A  fmall  one  does  well  in 
a  chamber ;  and,  the  chimneys  being  fitted  for  it,  it 
may  be  removed  from  one  room  to  another,  as  occafion 
requires,  and  fixed  in  half  an  hour.  The  equal  tem¬ 
per  too,  and  warmth  of  the  air  of  the  room,  is  thought 
to  be  particularly  advantageous  in  fome  diftempers  ; 
for  it  was  obferved  in  the  winters  of  1730  and  1736, 
when  the  fmall-pox  fpread  in  Penfylvania ,  that  very 
few  children  of  the  Germans  died  of  that  diftemper  in 
proportion  to  thofe  of  the  Englifh ;  which  was  afcribed, 

*  My  Lord  Molefzuorth ,  in  his  account  of  Denmark ,  fays,  <c  That  few 
<c  or  none  of  the  people  there  are  troubled  with  coughs,  catarrhs,  con- 
“  fumptions,  or  fuch  like  difeafes  of  the  lungs  ;  fo  that  in  the  midft  of  win- 
i6  ter  in  the  churches,  which  are  very  much  frequented,  there  is  no  noife 
<c  to  interrupt  the  attention  due  to  the  preacher.  I  am  perfuaded  (fays 
**  he)  their  warm  ftovet  contribute  to  their  freedom  from  thefe  kind  of 

maladies.”  p.  91. 
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by  fome,  to  the  warmth  and  equal  temper  of  air  in 
their  ftove-rooms,  which  made  the  difeafe  as  favour¬ 
able  as  it  commonly  is  in  the  Weft  Indies,  But  this 
conjecture  we  fubmit  to  the  judgment  of  phyficians. 

5.  In  common  chimneys,  the  ftrongeft  heat  from  the 

fire,  which  is  upwards,  goes  direftly  up  the  chimney, 
and  is  loft  ;  and  there  is  fuch  a  ftrong  draught  into 
the  chimney,  that  not  only  the  upright  heat,  but 
alfo  the  back,  fides,  and  downward  heats  are  carried 
up  the  chimney  by  that  draught  of  air ;  and  the 
warmth  given  before  the  fire  by  the  rays  that  ftrike 
out  towards  the  room,  is  continually  driven  back, 
crouded  into  the  chimney,,  and  carried  up  by  the  fame 
draught  of  air.  But  here  the  upright  heat  ftrikes  and 
heats  the  top  plate,  which  Warms  the  air  above  it,  and 
that  comes  into  the  room.  The  heat  likewife,  which 
the  fire  communicates  to  the  fides,  back,  bottom,  and 
air-box,  is  all  brought  into  the  room ;  for  you  will 
find  a  conftant  current  of  warm  air  coming  out  of  the 
chimney  corner  into  the  room.  Hold  a  candle  juft 
under  the  mantle-piece,  or  breaft  of  your  chimney, 
and  you  will  fee  the  frame  bent  outwards :  By  laying 
a  piece  of  fmoaking  paper  on  the  hearth,  on  either 
fide,  you  may  fee  how  the  current  of  air  moves,  and 
where  it  tends,  for  it  will  turn  and  carry  the  fmoke 
with  it.  ;  :  '  4  ” 

-  y  -  /  •  -  •  .  ..  .  •  * 

6.  Thus  as  very  little  of  the  heat  is  loft,  when 
this  fire-place  is  ufed,  much  lefs  wood  *  will  ferve  you, 

*  People  who  have  ufed  thefe  fire-places,  differ  much  in  their  accounts 
of  the  wood  faved  by  them.  Some  fay  five-fixths,  others  three-fourths, 
and  others  much  lefs.  This  is  owing  to  the  great  difference  there  was  in 

their 
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which  h  a  confiderable  advantage  where  wood  is 
dear. 

7.  When  you  burn  candles  near  this  fire-place,  you 
will  find  that  the  flame  burns  quite  upright,  and  does, 
not  blare  and  run  the  tallow  down,  by  drawing  to¬ 
wards  the  chimney,  as  againfl:  common  fires. 

8.  This  fire-place  cures  moft  fmoaky  chimneys,  and 
thereby  preferves  both  the  eyes  and  furniture. 

9.  It  prevents  the  fouling  of  chimneys  ;  much  of 
the  lint  and  duft  that  contributes  to  foitl  a  chimney 
being,  by  the  low  arch,  obliged  to  pafs  through  the 
flame,  where  it  is  confumed.  Then,  lefs  wood  being 
burnt,  there  is  lefs  fmoke  made.  Again,  the  fhutter, 
or  trap-bellows,  foon  blowing  the  wood  into  a  flame, 
the  fame  wood  does  not  yield  fo  much  fmoke"  as  if 
burnt  in  a  common  chimney :  For  as  foon  as  flame 
begins,  fmoke  in  proportion  ceafes. 

10.  And  if  a  chimney  fhould  be  foul,  it  is  much 
lefs  likely  to  take  fire.  If  it  fhould  take  fire,  it  is 
eafily  ftifled  and  extinguifhed. 

11.  A  fire  may  be  very  fpeedily  made  in  this  fire¬ 

place,  by  the  help  of  the  fhutter,  or  trap-bellows,  as 
aforefaid.  % 

their  former  fires  ;  fome  (according  to  the  different  circumftances  of  their 
rooms  and  chimnies)  having  been  ufed  to  make  very  large,  others  middling, 
and  others,  of  a  more  fparing  temper,  very  (mall  ones:  While  in  thefe  fire¬ 
places  (their  fize  and  draught  being  nearly  the  fame)  the  confumpticn  is 
more  equal.  I  fuppofe,  taking  a  number  of  families  together,  that  two- 
thirds,  or  half  the  wood,  at  leaft,  is  faved.  My  common  room,  I  know, 
is  made  twice  as  warm  as  it  ufed  to  be,  with  a  quarter  of  the  wood  I  for^ 
merly  confumed  there* 
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12.  A  fire  may  be  faon  extinguifhed,  by  clofing  it 
with  the  fhutter  before,  and  turning  the  regifter  be¬ 
hind,  which  will  ftifle  it,  and  the  brands  will  remain 
ready  to  rekindle. 

13.  The  room  being  once  warm,  the  warmth  may 
be  retained  in  it  all  night. 

14.  And  laftly,  the  fire  is  fo  fecured  at  night,  that 
not  one  fpark  can  fly  out  into  the  room  to  do  da¬ 
mage. 

With  all  thefe  conveniencies,  you  do  not  lofe  the 
pleafing  fight  nor  ufe  of  the  fire,  as  in  the  Dutch 
ftoves,  but  may  boil  the  tea-kettle,  warm  the  flat¬ 
irons,  heat  heaters,  keep  warm  a  difh  of  victuals,  by 
fetting  it  on  the  top,  &c. 

Objections  anfwered . 

There  are  fome  objedtions  commonly  made  by  peo¬ 
ple  that  are  unacquainted  with  thefe  fire-places,  which 
it  may  not  be  amifs  to  endeavour  to  remove,  as  they 
arife  from  prejudices  which  might  otherwife  obftruft, 
in  fome  degree,  the  general  ufe  of  this  beneficial  ma¬ 
chine.  We  frequently  hear  it  faid,  'They  are  of  the  na¬ 
ture  of  Dutch  jloves  5  foves  have  an  unpleafant fmell  ;  jloves 
are  unwhole fome ;  and,  warm  rooms  make  people  tender,  and 
apt  to  catch  cold . — As  to  the  firft,  that  they  are  of  the 
nature  of  Dutch  ftoves,  the  defcription  of  thofe  ftoves, 
in  the  beginning  of  this  paper,  compared  with  that 
of  thefe  machines,  fhows  that  there  is  a  moft  material 
difference,  and  that  thefe  have  vaftly  the  advantage, 

if 
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if  it  were  only  in  the  fingle  article  of  the  admiflion 
and  circulation  of  the  frelli  air.  But  it  muft  be  al¬ 
lowed  there  may  have  been  fome  caufe  to  complain 
of  the  offenfive  fmell  of  iron  ftoves.  This  fmell,  how¬ 
ever,  never  proceeded  from  the  iron  itfelf,  which,  in 
its  nature,  whether  hot  or  cold,  is  one  of  the  fweeteft 
of  metals,  but  from  the  general  uncleanly  manner  of 
ufing  thofe  ftoves.  If  they  are  kept  clean,  they  are* 
as  fweet  as  an  ironing-box,  which,  though  ever  fo 
hot,  never  offends  the  fmell  of  the  niceft  Lady  :  But 
it  is  common  to  let  them  be  greafed,  by  fetting  candle- 
flicks  on  them,  or  otherwife  ;  to  rub  greafy  hands  on 
them  ;  and,  above  ail,  to  fpit  upon  them,  to  try  how 
hot  they  are,  which  is  an  inconfiderate  filthy  unman¬ 
nerly  cuftom  >  for  the  flimy  matter  of  fpittle  drying 
on,  burns  and  fumes  when  the  ftove  is  hot,  as  well 
as  the  greafe,  and  fmells  moft  naufeoufly,  which  makes 
fuch  clofe  ftove-rooms,  where  there  is  no  draught  to 
carry  off  thofe  filthy  vapours,  almoft  intolerable  to 
thofe  that  are  not  from  their  infancy  accuftomed  to 
them.  At  the  fame  time  nothing  is  more  eafy  than  to 
keep  them  clean  3  for  when  by  any  accident  they  hap¬ 
pen  to  be  fouled,  a  lee  made  of  afhes  and  water,  with 
a  brufh,  will  fcour  them  perfectly  3  as  will  alfo  a  little 
ftrang  foft  foap  and  water. 

That  hot  iron  of  itfelf  gives  no  offenfive  fmell, 
thofe  know  very  well  who  have  (as  the  writer  of  this 
has)  been  prefent  at  a  furnace  when  the  workmen 
were  pouring  out  the  flowing  metal  to  call  large 
plates,  and  not  the  leafl:  fmell  of  it  to  be  perceived.. 

That 
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That  hot  iron  does  not,  like  lead,  brafs,  and  feme 
other  metals,  give  out  unwholefome  vapours,  is  plain 
from  the  general  health  and  flrength  of  thofe  who 
conftantly  work  in  iron,  as  furnace-men,  forge-men, 
and  fmiths  $  that  it  is  in  its  nature  a  metal  perfectly 
wholefome  to  the  body  of  man,  is  known  from  the 
beneficial  ufe  of  chalybeate  or  iron-mine-waters  , 
from  the  good  done  by  taking  fteel  filings  in  feveral 
diforders ;  and  that  even  the  fmithy  water  in  which 
hot  irons  are  quenched,  is  found  advantageous  to  the 
human  conflitution. — The  ingenious  and  learned  Dr. 
Defaguliers ,  to  whofe  inftru&ive  writings  the  contriver 
of  this  machine  acknowledges  himfelf  much  indebted, 
relates  an  experiment  he  made,  to  try  whether  heated 
iron  would  yield  unwholefome  vapours  :  He  took  a 
cube  of  iron,  and  having  given  it  a  very  great  heat, 
he  fixed  it  fo  to  a  receiver,  exhaufted  by  the  air-pump, 
that  all  the  air  rufhing  in  to  fill  the  receiver,  fhould 
fxrft  pafs  through  a  hole  in  the  hot  iron.  He  then  put 
a  fmall  bird  into  the  receiver,  who  breathed  that  air 
without  any  inconvenience,  or  buffering  the  lead:  dife 
order.  But  the  fame  experiment  being  made  with  a 
cube  of  hot  brafs,  a  bird  put  into  that  air  died  in  a 
few  minutes.  Brafs,  indeed,  flinks  even  when  cold, 
and  much  more  when  hot  3  lead,  too,  when  hot,  yields 
a  very  unwholefome  fleam ;  but  iron  is  always  fweet, 
and  every  way  taken  is  wholefome  and  friendly  to  the 
human  body — except  in  weapons. 

T’hat  warmed  rooms  make  people  tender ,  and  apt  to  catch 
cold ,  is  a  miftake  as  great  as  it  is  (among  the  Englijh ) 

general. 
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general.  We  have  feen  in  the  preceding  pages  how 
the  common  rooms  are  apt  to  give  colds  3  but  the 
writer  of  this  paper  may  affirm  from  his  own  expe¬ 
rience,  and  that  of  his  family  and  friends  who  have 
ufed  warm  rooms  for  thefe  four  winters  pad:,  that  by 
the  ufe  of  fuch  rooms,  people  are  rendered  lefs  liable 
to  take  cold,  and,  indeed,  actually  hardened.  If  fitting 
warm  in  a  room  made  one  fubjeft  to  take  cold  on  go¬ 
ing  out,  lying  warm  in  bed  fhould,  by  a  parity  of 
reafon,  produce  the  fame  effect  when  we  rife.  Yet  ve 
find  we  can  leap  out  of  the  warmed:  bed  naked,  in 
the  coldeft  morning,  without  any  fuch  danger  3  and 
in  the  fame  manner  out  of  warm  cloaths  into  a  cold 
bed.  The  reafon  is,  that  in  thefe  cafes  the  pores  all 
clofe  at  once,  the  cold  is  fhut  out,  and  the  heat  within 
augmented,  as  we  foon  after  feel  by  the  glowing  of 
the  flefh  and  fkiri.  Thus  no  one  was  ever  known  to 
catch  cold  by  the  ufe  of  the  cold  bath :  And  are  not 
cold  baths  allowed  to  harden  the  bodies  of  thofe  that 
ufe  them  ?  Are  they  not  therefore  frequently  pre- 
feribed  to  the  tendered:  conftitutions  ?  Now  every 
time  you  go  out  of  a  warm  room  into  the  cold  freez¬ 
ing  air,  you  do  as  it  were  plunge  into  a  cold  bath, 
and  the  effect  is  in  proportion  the  fame  3  for  (though 
perhaps  you  may  feel  fomewhat  chilly  at  find:)  you 
find  in  a  little  time  your  bodies  hardened  and  ftrength- 
ened,  your  blood  is  driven  round  with  a  brifker  cir¬ 
culation,  and  a  comfortable  fteadv  uniform  inward 
warmth  fucceeds  that  equal  outward  warmth  you  ftrft 
received  in  the  room.  Farther  to  confirm  this  affer- 

tion> 
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tion,  we  inftan.ce  the  Swedes ,  the  Danes ,  and  the 
Ruffians  :  Thefe  nations  are  faid  to  live  in  rooms,  com¬ 
pared  to  ours,  as  hot  as  ovens  * ;  yet  where  are  the 
hardy  foldiers,  though  bred  in  their  boafted  cool 
houfes,  that  can,  like  thefe  people,  bear  the  fatigues 
of  a  winter  campaign  in  fo  fevere  a  climate,  march 
whole  days  to  the  neck  in  fnow,  and  at  night  entrench 
in  ice,  as  they  do  ? 

The  mentioning  of  thofe  Northern  nations,  puts 
me  in  mind  of  a  confiderable  public  advantage  that  may 
arife  from  the  general  ufe  of  thefe  fire-places.  It  is 
obfervable,  that  though  thofe  countries  have  been  well 
inhabited  for  many  ages,  wood  is  ftili  their  fuel,  and 
yet  at  no  very  great  price;  which  could  not  have  been, 
if  they  had  not  univerfally  ufed  ftoves,  but  confumed 
it  as  we  do,  in  great  quantities,  by  open  fires.  By 
the  help  of  this  faving  invention  our  wood  may  grow 
as  faft  as  we  confume  it,  and  our  pofterity  may  warm 
themfelves  at  a  moderate  rate,  without  being  obliged 

*  Mr.  Boyle,  in  his  experiments  and  obfervations  upon  cold,  Shaw’s 
Abridgement ,  Vol.  I.  p.  684,  fays,  44  It  is  remarkable,  that  while  the  cold 
44  has  ftrange  and  tragical  effects  at  Mojcow ,  and  elfewhere,  the  Ruffians 
44  and  Livonians  fhould  be  exempt  from  them,  who  accuftom  themfelves 
44  to  pafs  immediately  from  a  great  degree  of  heat,  to  as  great  an  one  of 
44  cold,  without  receiving  any  vifible  prejudice  thereby.  I  remember  being 
44  told  bv  a  perfon  of  unqueftionable  credit,  that  it  was  a  common  pra&ice 
44  among  them,  to  go  from  a  hot  ftove,  into  cold  water ;  the  fame  was  alfo 
44  affirmed  to  me  by  another  who  refided  at  Mofcow.  This  tradition  is  like- 
44  wife  abundantly  confirmed  by  Olearius.” - — 44  It  is  a  furprizing  thing ,  fays 
44  he,  to  fee  how  far  ^Ruffians  can  endure  heat ;  and  how,  when  it  males 
*c  them  ready  to  faint ,  they  can  go  out  of  their  Jloves,Jlark  naked,  both  men  and 
44  women ,  and  throw  themfelves  into  cold  water ,  and  even  in  winter  wallow  in 
44  the  fnow” 
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to  fetch  their  fuel  over  the  Atlantick ;  as,  if  pit-coal 
fhould  not  be  here  difcovered,  (which  is  an  uncer¬ 
tainty)  they  muft  neceffarily  do. 

W e  leave  it  to  the  political  arithmetician  to  compute 
how  much  money  will  be  faved  to  a  country,  by  its 
fpending  two-thirds  lefs  of  fuel ;  how  much  labour 
faved  in  cutting  and  carriage  of  it ;  how  much  more 
land  may  be  cleared  by  cultivation;  how  great  the 
profit  by  the  additional  quantity  of  work  done,  in 
thofe  trades  particularly  that  do  not  exercife  the  body 
fo  much,  but  that  the  workfolks  are  obliged  to  run 
frequently  to  the  fire  to  warm  themfelves  :  And  to 
phyficians  to  fay,  how  much  healthier  thick-built 
towns  and  cities  will  be,  now  half  fuffocated  with 
fulphury  fmoke,  when  fo  much  lefs  of  that  frnoke 
fhall  be  made,  and  the  air  breathed  by  the  inhabitants 
be  confequently  fo  much  purer.  Thefe  things  it  will 
fuffice  juft  to  have  mentioned;  let  us  proceed  to  give 
fome  neceffary  directions  to  the  workman  who  is  to 
fix  or  fet  up  thefe  fire-places. 

Directions  to  the  Bricklayer. 

The  chimney  being  firft  well  fwept  and  cleanfed  from 
foot,  &c.  lay  the  bottom  plate  down  on  the  hearth, 
in  the  place  where  the  fire-place  is  to  ftand,  which 
may  be  as  forward  as  the  hearth  will  allow.  Chalk  a 
line  from  one  of  its  back  corners  round  the  plate  to 
the  other  corner,  that  you  may  afterwards  know  its 
place  when  you  come  to  fix  it ;  and  from  thofe  cor¬ 
ners,  two  parallel  lines  to  the  back  of  the  chimney : 

T  t  Make 
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Make  marks  alfo  on  each  fide,  that  yon  may  know 
where  the  partition  is  to  ftand,  which  is  to  prevent 
any  communication  between  the  air  and  fmoke.  Then 
removing  the  plate,  make  a  hollow  under  it  and  be¬ 
yond  it,  by  taking  up  as  many  of  the  bricks  or  tiles 
as  you  can,  within  your  chalked  lines,  quite  to  the 
chimney-back.  Dig  out  fix  or  eight  inches  /deep  of 
the  earth  or  rubbifh,  all  the  breadth  and  length  of 
your  hollow7 ;  then  make  a  paffage  of  four  inches 
fquare  (if  the  place  will  allow7  fo  much)  leading  from 
the  hollow  to  feme  place  communicating  with  the 
outer  air  3  by  outer  air  we  mean  air  without  the  room 
you  intend  to  warm.  This  paffage  may  be  made  to 
enter  your  hollow  on  either  fide,  or  in  the  fore  part, 
juft  as  you  find  moft  convenient,  the  circumftances  of 
your  chimney  confidered.  If  the  fire-place  is  to  be 
put  up  in  a  chamber,  you  may  have  this  communica¬ 
tion  of  outer  air  from  the  ftair-cafe  -y  or  fometimes 

1 

more  eafiiy  from  between  t.the  chamber  floor,  and  the 
cieling  of  the  lower  room,  making  only  a  fmall  hole 
in  the  wall  of  the  houfe  entering  the  fpace  betwixt 
thofe  two  joifts  with  which  your  air-paffage  in  the 
hearth  communicates.  If  this  air-paffage  be  fo  fituated 
as  that  mice  may  enter  it,  and  neftle  in  the  hollow,  a 
little  grate  of  wire  will  keep  them  out.  This  paffage 
being  made,  and,  if  it  runs  under  any  part  of  the 
earth,  tiled  over  fecurely,  you  may  proceed  to  raife 
;jou rffalfe  back.  This  may  be  of  four  inches  or  two 
inches  thicknefs,  ras  you  have. room,  but  Jet. it  ftand  at 
fteaft  four  inches  from  the  true  chimney-back..  In 

narrow 
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narrow  chimnies  this  falfe  back  runs  from  iamb  to 

r  ' 

jamb,  but  in  large  old  fafhioned  chimnies,  you  need 
not  make  it  wider  than  the  back  of  the  fire-place.  To 
begin  it,  you  may  form  an  arch  nearly  flat,  of  three 
bricks  end  to  end,  over  the  hollow,  to  leave  a  pafiage 
the  breadth  of  the  iron  fire-place,  and  five  or  fix 
inches  deep,  rounding  at  bottom,  for  the  fmoke  to 
turn  and  pafs  under  the  falfe  back,  and  fo  behind  it 
up  the  chimney.  The  falfe  back  is  to  rife  till  it  is  as 
high  as  the  breaft  of  the  chimney,  and  then  to  clofe 
over  to  the  bread:  * ;  always  obferving,  if  there  is  a 
wooden  mantle-tree,  to  clofe  above  it.  If  there  is  no 
wood  in  the  breaft,  you  may  arch  over  and  clofe  even 
with  the  lower  part  of  the  breaft.  By  this  clofing  the 
chimney  is  made  tight,  that  no  air  or  fmoke  can  pafs 
up  it,  without  going  under  the  falfe  back.  Then 
from  fide  to  fide  of  your  hollow,  againft  the  marks 
you  made  with  chalk,  raife  a  tight  partition,  brick- 
011-cdge,  to  feparate  the  air  from  the  fmoke,  bevelling 
away  to  half  an  inch  the  brick  that  comes  juft  under 
the  air-hole,  that  the  air  may  have  a  free  pafiage  up 
into  the  air-box  :  Laftly,  clofe  the  hearth  over  that 
part  of  the  hollow  that  is  between  the  falfe  back  and 
the  place  of  the  bottom  plate,  coming  about  half  an 
inch  under  the  plate,  which  piece  of  hollow  hearth 

f  *» 

may  be  fupported  by  a  bit  or  two  of  old  iron  hoop ; 
then  is  your  chimney  fitted  to  receive  the  fire-place. 


*  See  pag.  302,  where  the  trap-door  is  defcribed  that  ought  to  be  in  this 
clofing. 
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To  fet  it,  lay  firft  a  little  bed  of  mortar  all  round 
the  edges  of  the  hollow,  and  over  the  top  of  the  par¬ 
tition  :  Then  lay  down  your  bottom  plate  in  its  place 
(with  the  rods  in  it)  and  tread  it  till  it  lies  firm.  Then 
put  a  little  fine  mortar  (made  of  loam  and  lime  with 
a  little  hair)  into  its  joints,  and  fet  in  your  back  plate, 
leaning  it  for  the  prefent  againfl  the  falfe  back :  Then 
fet  in  your  air-box,  with  a  little  mortar  in  its  joints : 
Then  put  in  the  two  fides,  clofing  them  up  againfl:  the 
air-box  with  mortar  in  their  grooves,  and  fixing  at 
the  fame  time  your  regifter :  Then  bring  up  your  back 
to  its  place,  with  mortar  in  its  grooves,  and  that  will 
bind  the  fides  together.  Then  put  in  your  front  plate, 
placing  it  as  far  back  in  the  groove  as  you  can,  to 
leave  room  for  the  Aiding  plate :  Then  lay  on  your 
top  plate,  with  mortar  in  its  grooves  alfo,  fcrewing 
the  whole  firmly  together  by  means  of  the  rods.  The 
capital  letters  A  B  D  E,  &c.  in  the  annexed  cut,  fhew 
the  correfponding  parts  of  the  feveral  plates.  Laftly, 
the  joints  being  pointed  all  round  on  the  outfide,  the 
fire-place  is  fit  for  ufe. 

When  you  make  your  firft  fire  in  it,  perhaps  if  the 
chimney  be  thoroughly  cold,  it  may  not  draw,  the 
work  too  being  all  cold  and  damp.  In  fuch  cafe,  put 
firft  a  few  Ihovels  of  hot  coals  in  the  fire-place,  then 
lift  up  the  chimney-fweeper’s  trap-door,  and  putting 
in  a  fheet  or  two  of  flamkig  paper,  ftiut  it  again, 
which  will  fet  the  chimney  a  drawing  immediately, 
and  when  once  it  is  filled  with  a  column  of  warm  air, 
it  will  draw  ftrongly  and  continually. 
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The  drying  of  the  mortar  and  work  by  the  firft  fire, 
may  fmell  unpleafantly,  but  that  will  foon  be  over. 

In  fome  fhallow  chimneys,  to  make  more  room  for 
the  falfe  back  and  its  flue,  four  inches  or  more  of  the 
chimney  back  may  be  picked  away. 

Let  the  room  be  made  as  tight  as  conveniently  it 
may  be,  fo  will  the  outer  air  that  muft  come  in  to 
fupply  the  room  and  draught  of  the  fire,  be  all  ob¬ 
liged  to  enter  through  the  paffage  under  the  bottom 
plate,  and  up  through  the  air-box,  by  which  means 
it  will  not  come  cold  to  your  backs,  but  be  warmed  as 
it  comes  in,  and  mixed  with  the  warm  air  round  the 
fire-place,  before  it  fpreads  in  the  room. 

But  as  a  great  quantity  of  cold  air,  in  extreme  cold 
weather  efpecially,  will  prefently  enter  a  room  if  the 
door  be  carelefsly  left  open,  it  is  good  to  have  fome 
contrivance  to  fhut  it,  either  by  means  of  fcrew  hinges, 
a  fpring,  or  a  pulley. 

When  the  pointing  in  the  joints  is  all  dry  and  hard, 
get  fome  powder  of  black  lead,  (broken  bits  of  black 
lead  crucibles  from  the  filver-fmiths,  pounded  fine, 
will  do)  and  mixing  it  with  a  little  rum  and  water,  lay 
it  on,  when  the  plates  are  warm,  with  a  hard  brufh, 
over  the  top  and  front-plates,  part  of  the  fide  and 
bottom-plates,  and  over  all  the  pointing;  and,  as  it 
dries,  rub  it  to  a  glofs  with  the  fame  brufh,  fo  the 
joints  will  not  be  difcerned,  but  it  will  look  all  of  a 
piece,  and  Aline  like  new  iron.  And  the  falfe  back 
being  plaiftered  and  white-wafhed,  and  the  hearth 
reddened,  the  whole  will  make  a  pretty  appearance. 

Before 
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Before  the  black  lead  is  laid  on,  it  would  not  be  amifs 
to  wafhthe  plates  with  ftrong  lee  and  a  brufh,  or  foap 
and  water,  to  cleanfe  them  from  any  fpots  of  greafe 
or  filth  that  may  be  on  them.  If  any  greafe  fhould 
afterwards  come  on  them,  a  little  wet  afhes*  will  get  it 
out. 

If  it  be  well  fet  up,  and  in  a  tolerable  good  chim¬ 
ney,  fmoke  will  draw  in  from  as  far  as  the  fore  part 
of  the  bottom  plate,  as  you  may  try  by  a  bit  of  burn¬ 
ing  paper. 

People  are  at  firft  apt  to  make  their  rooms  too  warm, 
not  imagining  how  little  a  fire  will  be  fufficient. 
When  the  plates  are  no  hotter  than  that  one  may 
juft  bear  the  hand  on  them,  the  room  will  generally  be 
as  warm  as  you  defire  it. 


Soon  after  the  foregoing  piece  was  publijhed>  fome  perfons 
in  England,  in  imitation  of  Mr .  Franklin^  invent iony 
made  what  they  call  Penfylvania  Fire-places,  with  im¬ 
provements  ;  the  principal  of  which  pretended  improvements 
is ,  a  contraction  of  the  paffages  in  the  air-box ,  originally 
defgned  for  admitting  a  quantity  of  frefh  air}  and  warrnmg 
it  as  it  entered  the  room,  Fhe  contracting  thefe  paffages 
gains  indeed  more  room  for  the  gratey  but  in  a  great  meafure 
defeats  their  intention .  For  if  the  paffages  in  the  air -box 
do  not  greatly  exceed  in  dimenfions  the  amoimt  of  all  the  cre¬ 
vices  by  which  cold  air  can  enter  the  room ,  they  will  not  con- 
fderably  prevent ,  as  they  were  intended  to  do ,  the  entry  of 
cold  air  through  thefe  crevices 
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LETTER  XXIV. 

F  R  *0  ’M 

Benj.  Franklin,  Efq,  of  Philadelphia. 

r  o 

,Dr.  L - ,  at  Charles  Town,  South  Carolina . 

SIR ,  Philadelphia ,  March  18,  1755. 

I  Send  you  enclofed  a  paper  containing  fome  new 
experiments  I  have  made,  in  purfuance  of  thofe  by 
Mr,  Canton  that  are  printed  with  my  laft  letters.  I 
hope  thefe,  with  my  explanation  of  them,  will  afford 
you  fome  entertainment 

In  anfwer  to  your  feveral  enquiries.  The  tubes  and 
globes  we  ufe  here,  are  chiefly  made  here.  The  glafs 
has  a  greenifh  caft,  but  is  clear  and  hard,  and,  I 
think,  better  for  eleftrical  experiments  than  the  white 
glafs  in  London >  which  is  not  fo  hard.  There  are  cer¬ 
tainly  great  differences  in  glafs.  A  white  globe  I  had 
made  here  fome  years  fince,  would  never,  by  any 
means,  be  excited.  Two  of  my  friends  tried  it,  as 

*  See  p  1 6^,  for  the  paper  her^  mentioned. 
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well  as  myfelf,  without  fuccefs.  At  length  putting  it 
on  an  eleftric  fland,  a  chain  from  the  prime-conduCtor 
being  in  contaCt  with  it,  I  found  it  had  the  properties 
of  a  non-eleCtric ;  for  I  could  draw  fparks  from  any 
part  of  it,  though  it  was  very  clean  and  dry. 

All  1  know  of  Domieti  is,  that  by  his  own  account 
he  was  a  native  of  Lranfylvania ,  of  Tartar  defcent,  but 
a  prieft  of  the  Greek  church  i  He  fpoke  and  wrote 
Latin  very  readily  and  corre£tly.  He  fet  out  from  his 
own  country  with  an  intention  of  going  round  the 
World,  as  much  as  poffible,  by  land.  He  travelled 
through  Germany ,  France ,  and  Holland  to  E?igland* 
Reflded  fome  time  at  Oxford .  From  England  he  came 
to  Maryland  >  thence  went  to  N rew- -England 3  returned 
by  land  to  Philadelphia ,  and  from  hence  travelled  thro’ 
Maryland ,  Virginia ,  and  North  Carolina  to  you.  He 
thought  it  might  be  of  fervice  to  him  in  his  travels  to 
know  fomething  of  electricity.  I  taught  him  the  ufe 
of  the  tube  5  how  to  charge  the  Leyden  phial,,  and  fome 
other  experiments.  He  wrote  to  me  from  Charles 
Lown,  that  he  had  lived  eight  hundred  miles  upon 
eleCtricity,  it  had  been  meat,  drink,  and  cloathing  to 
him.  His  laft  letter  to  me  was,  I  think,  from  Ja¬ 
maica,  defiring  me  to  fend  the  tubes  you  mention,  to 
meet  him  at  the  Havannah ,  from  whence  he  expected 
to  get  a  pafiage  to  La  Vera  Cruz  y  defigned  travelling 
over  land  through  Mexico  to  Acapulco ;  thence  to  get  a 
paffage  to  Manilla,  and  fo  through  China ,  India,  Perfia , 
and  Fur  key,  home  to  his  own  country  5  propofmg  to 
fupport  himfelf  chiefly  by  eleCtricity.  A  ftrange  pro¬ 
ject  ! 


jeCt  !  But  he  was,  as  you  obferve,  a  very  fingular  cha¬ 
racter.  I  was  forry  the  tubes  did  not  get  to  the  Ha - 
vannah  in  time  for  him  :  If  they  are  (till  in  being, 
pleafe  to  fend  for  them,  and  accept  of  them.  What 
became  of  him  afterwards  I  have  never  heard.  He 
promifed  to  write  to  me  as  often  as  he  could  on  his 
journey,  and  as  foon  as  he  fhould  get  home  after 
finifhing  his  tour.  It  is  now  feven  years  fince  he  was 
here.  If  he  is  ftill  in  New  Spain ,  as  you  imagine  from 
that  loofe  report,  I  fuppofe  it  muft  be  that  they  con¬ 
fine  him  there,  and  prevent  his  writing :  but  I  think 
it  more  likely  that  he  may  be  dead. 

The  queftions  you  afk  about  the  pores  of  glafs,  I 
cannot  anfwer  otherwife,  than  that  I  know  nothing  of 
their  nature  ;  and  fuppolitions,  however  ingenious, 
are  often  mere  miftakes.  My  hypothefis,  that  they 
were  fmaller  near  the  middle  of  the  glafs,  too  fmali  to 
admit  the  paflage  of  eleftricity,  which  could  pafs 
through  the  furface  till  it  came  near  the  middle,  was 
certainly  wrong  :  For  foon  after  I  had  written  that 
letter,  I  did,  in  order  to  confirm  the  hypothefis,  (which 
indeed  I  ought  to  have  done  before  I  wrote  it)  make 
an  experiment.  I  ground  away  five-fixths  of  the 
thicknefs  of  the  glafs,  from  the  fide  of  one  of  my 
phials,  expefting  that  the  fuppofed  denfer  part  being 
fo  removed,  the  eleCtric  fluid  might  come  through  the 
remainder  of  the  glafs,  which  I  had  imagined  more 
open;  but  I  found  myfelf  miftaken.  The  bottle 
charged  as  well  after  the  grinding  as  before.  I  am 
now,  as  much  as  ever,  at  a  lofs  to  know  how  or  where 
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the  quantity  of  electric  fluid,  on  the  pofltive  fide  of 
the  glafs,  is  difpofed  of.  \ 

As  to  the  difference  of  conductors,  there  is  not  only 
this,  that  fome  will  conduct  electricity  in  fmall  quan¬ 
tities,  and  yet  do  not  conduct  it  faft  enough  to  produce 
the  fhock ;  but  even  among  thofe  that  will  conduct  a 
fhock,  there  are  fome  that  do  it  better  than  others. 
Mr.  Kinnerfiey  has  found,  by  a  very  good  experiment, 
that  when  the  charge  of  a  bottle  hath  an  opportunity 
of  paffmg  two  ways,  i.  e.  ftrait  through  a  trough  of 
water  ten  feet  long,  and  fix  inches  fquare;  or  round 
about  through  twenty  feet  of  wire,  it  paffes  through 
the  wire,  and  not  through  the  water,  though  that  is 
the  fh  orteft  courfe  the  wire  being  the  better  conduc¬ 
tor.  Vfhen  the  wire  is  taken  away,  it  paffes  through 
the  water,  as  may  be  felt  by  a  hand  plunged  in  the 
water;  but  it  cannot  be  felt  in  the  water  when  the 
wire  is  ufed  at  the  fame  time.  Thus,  though  a  fmall 
vial  containing  water  will  give  a  fmart  fhock,  one 
containing  the  fame  quantity  of  mercury  will  give  one 
much  ftronger,  the  mercury  being  the  better  conduc¬ 
tor  ;  while  one  containing  oil  only,  will  fcarce  give  any 
fhock  at  all. 

Your  queftion,  how  I  came  firA  to  think  of  propo- 
fmg  the  experiment  of  drawing  down  the  lightning,, 
in  order  to  afcertain  its  famenefs  with  the  eleCtric 
fluid,  I  cannot  anfwer  better  than  by  giving  you  ail 
extract  from  the  minutes  I  ufed  to  keep  of  the  experi¬ 
ments  I  made,  with  memorandums  of  fuch  as  I  pro- 
pofed  to  make,  the  reafons  for  making  them,  and  the. 
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obfervations  that  arofe  upon  them,  from  which  mi- 
nutes  my  letters  were  afterW'ard^’  drawn.  By  this  ex- 
trad  you  will  fee  that  the  thought  was  not  fo  much 
“  an  out-of-the-way  ont,”  but  that  it ‘.might  have  oc- 
curred  to  any  eleCtrician. 

j  ,  ...  .  -  '  -  •  ■  *  ■  * 

“  Nov.  7,  1749.  Electrical  fluid  agrees  with  light¬ 
ning  in  thefe  particulars  :  1 .  Giving  light. ,  Colour 
of  the  light.  3.  Crooked  direftion.^  4.  Swift' mo¬ 
tion.  5.  Being  conducted' by  metals.  6.  Crack  or 
noife  in  exploding.  7.  Subfifting  in  water  or  ice. 
8.  Rending  bodies  it  paffes  through.";  9.  Deftroying 
animals.  10.  Melting  metals.  11.  Firing  inflam¬ 
mable  fubftances.  12.  Sulphureous  fmetf.-— The 

i  *  ,  r 

eleftric  fluid  is  attracted  by  points. — We  do  pot 
know  whether  this  property  is  in"  lightning^-But 
fince  they  agree  in  all  the  particulars  whefein  we 
can  already  compare  them,  is  it  not  probable  they 
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agree  likewife  in  this  ?  Let  the  experiment  be 
“  made.” 


I  with  I  could  give  you  any  fatisfaction  in  the  article 
of  clouds.  I  am  ft  ill  at  a  lofs  about  the  manner  in 

)  (  f  |  *  4.  4  |  • 

which  they  become  charged  with  electricity  ;  no  hy- 
pothefrs  I  have  yet  formed  perfectly  fatisfying  me. 
Some  time  fince,  I  heated  very  hot  a  brafs  plate,  two 
feet  fquare,  and  placed  it  on  an  eleCtric  (land.  From 
the  plate  a  wire  extended  horizontally  four  or  five 
feet,  and,  at  the  end  of  it,  hung,  by  linnen  threads, 
a  pair  of  cork  balls.  I  then  repeatedly  fprinkled  water 
over  the  plate,  that  it  might  be  raifed  from  it  in  va¬ 
pour,  hoping  that  if  the  vapour  either  carried  off  the 
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ele6tricity  of  the  plate,  or  left  behind  it  that  of  the 
water,  (one  of  which  I  fuppofed  it  muft  do,  if,  like 
the  clouds,  it  became  ele&rified  itfelf,  either  pofitively 
or  negatively)  I  fhould  perceive  and  determine  it  by  the 
reparation  of  the  balls,  and  by  finding  whether  they 
were  pofitive  or  negative ;  but  no  alteration  was  made 
at  all,  nor  could  I  perceive,  that  the  fteam  was  itfelf 
eledtrifed,  though  I  have  ftill  feme  fufpicion  that  the 
fteam  was  not  fully  examined,  and  I  think  the  experi¬ 
ment  fhould  be  repeated.  Whether  the  firft  ftate  of 
eledtrifed  clouds  is  pofitive  or  negative,  if  I  could  find 

the  caufe  of  that,  I  fhould  be  at  no  lofs  about  the 

, 

other,  for  either  is  eafily  deduced  from  the  other,  as 
one  ftate  is  eafily  produced  by  the  other.  A  ftrongly 
pofitive  cloud  may  drive  out  of  a  neighbouring  cloud 
much  of  its  natural  quantity  of  the  eledhic  fluid,  and, 
palling  by  it,  leave  it  in  a  negative  ftate.  In  the  fame 
way,  a  ftrongly  negative  cloud  may  occafion  a  neigh¬ 
bouring  cloud  to  draw  into  itfelf  from  others,  an  ad¬ 
ditional  quantity,  and,  palling  by  it,  leave  it  in  a  po¬ 
fitive  ftate.  How  thefe  effects  may  be  produced,  you 
will  eafily  conceive,  on  pending  and  confidering  the 
experiments  in  the  enclofed  paper  :  And  from  them 
too  it  appears  probable,  that  every  change  from  pofi¬ 
tive  to  negative,  and  from  negative  to  pofitive,  that, 
during  a  thunder  guft,  we  fee  in  the  cork-balls  an¬ 
nexed  to  the  apparatus,  is  not  owing  to  the  prefence 
of  clouds  in  the  fame  ftate,  but  often  to  the  abfence 


of  pofitive  or  negative  clouds,  that,  having  juft  paffed, 
leave  the  rod  in.  the  oppofite  ftate. 


The 


*  ’ 


333 


On  Philofophical  Subje&s . 

The  knocking  down  of  the  fix  men  was  performed 
with  two  of  my  large  jarrs  not  fully  charged.  I  laid 
one  end  of  my  difcharging  rod  upon  the  head  of  the 
firft  3  he  laid  his  hand  on  the  head  of  the  fecond  3  the 
fecond  his  hand  on  the  head  of  the  third,  and  fo  to  the 
laft,  who  held,  in  his  hand,  the  chain  that  was  con¬ 
nected  with  the  outiide  of  the  jarrs.  When  they  were 
thus  placed,  I  applied  the  other  end  of  my  rod  to  the 
prime-conduCtor,  and  they  all  dropt  together.  When 
they  got  up,  they  all  declared  they  had  not  felt  any 
flroke,  and  wondered  how  they  came  to  fall  3  nor  did 
any  of  them  either  hear  the  crack,  or  fee  the  light  of 
it.  You  fuppofe  it  a  dangerous  experiment  3  but  I 
had  once  differed  the  fame  myfelf,  receiving,  by  acci¬ 
dent,  an  equal  ffroke  through  my  head,  that  ftruck 
me  down,  without  hurting  me:  And  I  had  feen  a 
young  woman  that  was  about  to  be  electrified  through 
the  feet,  (for  fome  indifpofition)  receive  a  greater 
charge  through  the  head,  by  inadvertently  ftooping 
forward  to  look  at  the  placing  of  her  feet,  till  her 
forehead  (as  fhe  was  very  tall)  came  too  near  my 
prime-conduCtor :  She  dropt,  but  inftantly  got  up 
again,  complaining  of  nothing.  A  perfon  fo  ftruck, 
finks  down  doubled,  or  folded  together  as  it  were,  the 
joints  lofing  their  ftrength  and  ftiffnefs  at  once,  fo 
that  he  drops  on  the  fpot  where  he  flood,  inftantly, 
and  there  is  no  previous  ftaggering,  nor  does  he  ever 
fall  lengthwife.  Too  great  a  charge  might,  indeed, 
kill  a  man,  but  1  have  not  yet  feen  any  hurt  done  by 
it.  It  would  certainly,  as  you  obferve,  be  the  eafieft 
of  all  deaths.  The 
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The  experiment  you  have  heard  fo  imperfeft  an  ac¬ 
count  of,  is  merely  this.— I  electrified  a  filver  pint 
cann,  on  an  electric  ftand,  and  then  lowered  into  it  a 
cork-ball,  of  about  an  inch  diameter,  hanging  by  a 
filk  hiring,  till  the  cork  touched  the  bottom  of  the 
cann.  The  cork  was  not  attracted  to  the  infide  of 
the  cann  as  it  would  have  been  to  the  outfide,  and 
though  it  touched  the  bottom,  yet,  when  drawn  out, 
it  was  not  found  to  be  electrified  by  that  touch,  as  it 
would  have  been  by  touching  the  outfide.  The  fact  is 
Angular.  You  require  the  reafon ,  I  do  not  know  it. 
Perhaps  you  may  difcover  it,  and  then  you  will  be  fo 
good  as  to  communicate  it  to  me  ^  I  find  a  frank 
acknowledgment  of  one’s  ignorance  is  not  only  the 
eafieft  way  to  get  rid  of  a  difficulty,  but  the  likelieft 
way  to  obtain  information,  and  therefore  I  practice 
it :  I  think  it  an  honeft  policy.  Thofe  who  affeft  to 
be  thought  to  know  every  thing,  and  fo  undertake  to 
explain  every  thing,  often  remain  long  ignorant  of 
many  things  that  others  could  and  would  in  ft  rudt 
them  in,  if  they  appeared  lefs  conceited. 

The  treatment  your  friend  has  met  with  is  fo  com¬ 
mon,  that  no  man  who  knows  what  the  world  is,  and 
ever  has  been,  fhould  expeft  to  efcape  it.  There  are 
every  where  a  number  of  people,  who,  being  totally 
deftitute  of  any  inventive  faculty  themfelves,  do  not 

Mr.  F.  has  fince  thought,  that,  poflibly,  the  mutual  repulfion  of  the 
inner  oppofite  Tides  of  the  eletftrifed  cann,  may  prevent  the  accumulating 
an  electric  atmofphere  upon  them,  and  occafion  it  to  ftand  chiefly  on  the 
outfide.  But  recommends  it  to  the  farther  examination  of  the  curious. 

. « 

readily 


On  Philofophical  SubjeEls .  335 

readily  conceive  that  others  may  poflefs  it :  They  think 
of  inventions  as  of  miracles;  there  might  be  fuch 
formerly,  but  they  are  ceafed.  With  thefe,  every  one 
who  offers  a  new  invention  is  deemed  a  pretender  : 
He  had  it  from  fome  other  country,  or  from  fome 
book  :  A  man  of  their  own  acquaintance ;  one  who  has 
no  more  fenfe  than  themfelves,  could  not  poffibly,  in 
their  opinion,  have  been  the  inventer  of  any  thing. 
They  are  confirmed,  too,  in  thefe  fentiments,  by  the 
frequent  inftances  of  pretenfions  to  invention,  which 
vanity  is  daily  producing.  That  vanity  too,  though 
an  incitement  to  invention,  is,  at  the  fame  time,  the 
pelt  of  inventors.  Jealoufy  and  Envy  deny  the  merit 
or  the  novelty  of  your  invention  ;  but  Vanity,  when 
the  novelty  and  merit  are  eftablifhed,  claims  it  for  its 
own.  The  fmaller  your  invention  is,  the  more  mor¬ 
tification  you  receive  in  having  the  credit  of  it  dis¬ 
puted  with  you  by  a  rival,  whom  the  jealoufy  and 
envy  of  others  are  ready  to  fupport  againft  you,  at 
leaft  fo  far  as  to  make  the  point  doubtful.  It  is  not 
in  itfelf  of  importance  enough  for  a  difpute ;  no  one 
would  think  your  proofs  and  reafons  worth  their  at¬ 
tention  :  And  yet  if  you  do  not  difpute  the  point,  and 
demonftrate  your  right,  you  not  only  lofe  the  credit 
of  being  in  that  inftance  ingenious ,  but  you  fuffer  the 
difgrace  of  not  being  ingenuous ;  not  only  of  being  a 
plagiary  but  of  being  a  plagiary  for  trifles.  Had  the 
invention  been  greater  it  would  have  difgraced  you 
lefs  ;  for  men  have  not  fo  comtemptible  an  idea  of 
him  that  robs  for  gold  on  the  highway,  as  of  him 
.  '  that 
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that  can  pick  pockets  for  half-pence  and  farthings. 
Thus  through  Envy,  Jealoufy,  and  the  Vanity  of 
competitors  for  Fame,  the  origin  of  many  of  the  moft 
extraordinary  inventions,  though  produced  within  but 
a  few  centuries  paft,  is  involved  in  doubt  and  uncer¬ 
tainty.  We  fcarce  know  to  whom  we  are  indebted  for 
the  compafs ,  and  for  fpeSiacles ,  nor  have  even  paper  and 
printing ,  that  record  every  thing  elfe,  been  able  to 
preferve  with  certainty  the  name  and  reputation  of 
their  inventors.  One  would  not,  therefore,  of  all  fa¬ 
culties,  or  qualities  of  the  mind,  wilh,  for  a  friend, 
or  a  child,  that  he  fhould  have  that  of  invention.  For 
his  attempts  to  benefit  mankind  in  that  way,  however 
well  imagined,  if  they  do  not  fucceed,  expofe  him, 
though  very  unjuftly,  to  general  ridicule  and  con¬ 
tempt  ;  and,  if  they  do  fucceed,  to  envy,  robbery, 
and  abufe. 

J  am,  & c. 

B.  F, 
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FROM 


T  O 


Benj.  Franklin,  Efq\  at  Philadelphia. 
DEAR  SIR, 

IT  is  now  near  three  years  iince  I  received  your  ex¬ 
cellent  Obfervations  on  the  Increafe  op  Mankind ,  &c.  * 
m  which  you  have  with  fo  much  fagacity  and  accuracy 
fhewn  in  what  manner,  and  by  what  caufes,  that  prin¬ 
cipal  means  of  political  grandeur  is  beft  promoted ; 
and  have  fo  well  fupported  thofe  juft  inferences  you 
have  occafionally  drawn,  concerning  the  general  ftate 
of  our  American  colonies,  and  the  views  and  conduct 
of  fome  of  the  inhabitants  of  Great-Britain. 

You  have  abundantly  proved  that  natural  fecundity 
is  hardly  to  be  confidered,  becaufe  the  vis  generandi , 
as  far  as  we  know,  is  unlimited,  and  becaufe  expe¬ 
rience  thews  that  the  numbers  of  nations  is  alto¬ 
gether  governed  by  collateral  caufes,  and  among  thefe 
none  of  fo  much  force  as  quantity  of  fubfiftence. 


See  pag.  205. 
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whether  ariling  from  climate,  foil,  improvement  of 
tillage,  trade,  fifheries,  fecure  property,  conqueft  of 
new  countries,  or  other  favourable  circumftances. 

As  I  perfectly  concurred  with  you  in  your  fenti- 
ments  on  thefe  heads,  I  have  been  very  defir ous  of 
building  fomewhat  on  the  foundation  you  have  there 
laid ;  and  was  induced  by  yourjiints  in  the  twenty- 
firft  feftion,  to  trouble  you  with  fome  thoughts  on 
the  influence  manners  have  always  had,  and  are  always 
likely  to  have  on  the  numbers  of  a  people,  and  their 
political  profperity  in  general. 

The  end  of  every  individual  is  its  own  private  good* 
The  rules  it  obferves  in  the  purfuit  of  this  good,  are 
a  fyftem  of  propofitions,  almoft  every  one  founded  in 
authority,  that  is,  derive  their  weight  from  the  credit 
given  to  one  or  more  perfons,  and  not  from  demon- 
ftration. 


And  this,  in  the  moft  important  as  well  as  the  ether 
affairs  of  life,  is  the  cafe  even  of  the  wifeft  and  phi- 
lofophical  part  of  the  human  fpecies  and  that  it 
fhould  be  fo  is  the  lefs  ftrange,  when  we  consider  that 
it  is,  perhaps,  impoffible  to  prove,  that  being,  or  life 
itfelf,  has  any  other  value  than  what  is  fet  on  it  by 
authority. 

A  confirmation  of  this  may  be  derived  from  the 
obfervation,  that  in  every  country  in  the  univerfe, 
happinefs  is  fought  upon  a  different  plan  ;  and,  even 
in  the  fame-country,  we  fee  it  placed  by  different  ages, 
profeffions,  and  rank's  of  men,  in  the  attainment  of 
.enjoyments  utterly  unlike. 


Thefe 


Thefe  proportions,  as  well  as  others,  framed  upon 
them,  become  habitual  by  degrees,  and,  as  they  govern 
the  determination  of  the  will,  I  call  them  moral  habits . 

There  are  another  fet  of  habits  that  have  the  direc¬ 
tion  of  the  members  of  the  body,  that  I  call  therefore 
mechanical  habits .  Thefe  compofe  what  we  commonly 
call  T’he  Arts>  which  are  more  or  lefs  liberal  or  mecha¬ 
nical,  as  they  more  or  lefs  partake  of  affiftance  from 
the  operations  of  the  mind. 

The  cumulus  of  the  moral  habits  of  each  individual, 
is  the  manners  of  that  individual ;  the  cumulus  of  the 
manners  of  individuals  makes  up  the  manners  of  a 
nation. 

The  happinefs  of  individuals  is  evidently  the  ulti¬ 
mate  end  of  political  fociety  \  and  political  welfare,  or 
the  ftrength,  fplendour,  and  opulence  of  the  ftate, 
have  been  always  admitted,  both  by  political  writers, 
and  the  valuable  part  of  mankind  in  general,  to  con¬ 
duce  to  this  end,  and  are  therefore  defirable. 

The  caufes  that  advance  or  obftruft  any  one  of 
thefe  three  objects,  are  external  or  internal.  The  lat¬ 
ter  may  be  divided  into  phyfical,  civil,  and  perfonal, 
under  which  laft  head  I  comprehend  the  moral  and 
mechanical  habits  of  mankind.  The  phyfical  caufes 
are  principally  climate,  foil,  and  number  of  fubje&s ; 
the  civil  are  government  and  laws  ^  and  political  wel¬ 
fare  is  always  in  a  ratio  compofed  of  the  force  of 
thefe  particular  caufes ;  a  multitude  of  external  caufes, 
and  all  thefe  internal  ones,  not  only  controul  and 
qualify,  but  are  conflantly  a£ting  on,  and  thereby  in- 
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fenfibly,  as  well  as  fenfibly,  altering  one  another,  both 

for  the  better  and  the  worfe,  and  this  not  excepting 
the  climate  itfelf. 

The  powerful  efficacy  of  manners  in  encreafing  a 
people,  is  manifeft  from  the  inftance  you  mention, 
the  Quakers ;  among,  them  induftry  and  frugality  mul¬ 
tiplies  and  extends  the  ufe  of  the  neceffaries  of  life ; 
to  manners  of  a  like  kind  are  owing  the  populoufnefs 
of  Holland ,  Switzerland ,  China ,  Japan ,  and  mod:  parts- 
of  Indojian ,  &c.  in  every  one  of  which  the  force  of 
extent  of  territory  and  fertility  of  foil  is  multiplied, 
or  their  want  compenfated  by  induftry  and  frugality. 

Neither  nature  nor  art  have  contributed  much  to  the 
produftion  of  fubfiftence  in  Switzerland,  yet  we  fee 
frugality  preferves,  and  even  increafes  families  that  live 
on  their  fortunes,  and  which,  in  England ,  we  call  the 
Gentry ;  and  the  obfervation  we  cannot  but  make  in 
the  Southern  part  of  this  kingdom,  that  thofe  families, 
including  all  fuperior  ones,  are  gradually  becoming 
extintt,  affords  the  cleared:  proof  that  luxury  (that  is, 
a  greater  expence  of  fubfiftence  than  in  prudence  a 
man  ought  to  confume)  is  as  deftruftive  as  a  propor¬ 
tionable  want  of  it ;  but  in  Scotland ,  as  in  Switzerland \ 
the  Gentry,  though  one  with  another  they  have  not 
one-fourth  of  the  income,  increafe  in  number. 

And  here  I  cannot  help  remarking,  by  the  by,  how 
well  founded  your  diftinction  is  between  the  increafe 
of  mankind  in  old  and  new  fettled  countries  in  ge¬ 
neral,  and  more  particularly  in  the  cafe  of  families  of 
condition.  In  America ,  where  their  expences  are  more 
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confined  to  neceflaries,  and  thofe  neceflaries  are  cheap, 
it  is  common  to  fee  above  one  hundred  perfons  de- 
fcended  from  one  living  old  man.  In  England  it  fre¬ 
quently  happens,  where  a  man  has  feven,  eight,  or 
more  children,  there  has  not  been  a  defcendant  in  the 
next  generation,  occafioned  by  the  difficulties  the  num¬ 
ber  of  children  has  brought  on  the  family,  in  a  luxu¬ 
rious  dear  country,  and  which  have  prevented  their 
marrying. 

That  this  is  more  owing  to  luxury  than  mere  want 
appears  from  what  I  have  faid  of  Scotland ,  and  more 
plainly  from  parts  of  England  remote  from  London \ 
in  moft  of  which  the  neceflaries  of  life  are  nearly  as 
dear,  in  fome  dearer  than  in  London ,  yet  the  people  of 
all  ranks  marry  and  breed  up  children. 

Again ;  among  the  lower  ranks  of  life,  none  produce 
fo  few  children  as  fervants.  This  is,  in  fome  meafure, 
to  be  attributed  to  their  fituation,  which  hinders  mar¬ 
riage,  but  is  alfo  to  be  attributed  to  their  luxury,  and 
corruption  of  manners,  which  are  greater  than  among 
any  other  fet  of  people  in  England ,  and  is  the  confe- 
quence  of  a  nearer  view  of  the  lives  and  perfons  of  a 
fuperior  rank,  than  any  inferior  rank,  without  a  pro¬ 
per  education,  ought  to  have. 

The  quantity  of  fubfiftence  in  Engla?id  has  unqucf- 
tionably  become  greater  for  many  ages ;  and  yet  if  the 
inhabitants  are  more  numerous,  they  certainly  are  not 
fo  in  proportion  to  our  improvement  of  the  means  of 
fupport.  I  am  apt  to  think  there  are  few  parts  of  this 
kingdom  that  have  not  been  at  fome  former  time  more 
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populous  than  at  prefent.  I  have  feveral  cogent  rea- 
fons  for  thinking  fo  of  great  part  of  the  counties  I 
am  moft  intimately  acquainted  with ;  but  as  they  were 
probably  not  all  moft  populous  at  the  fame  time,  and 
as  fome  of  our  towns  are  vifxbly  and  vaftly  grown  in 
bulk,  I  dare  not  fuppofe,  as  judicious  men  have  done, 
that  England  is  lefs  peopled  than  heretofore. 

This  growth  of  our  towns  is  the  effect  of  a  change 
of  manners,  and  improvement  of  arts,  common  to 
all  Europe ;  and  though  it  is  not  imagined  that  it  has 
leffened  the  country  growth  of  neceffaries,  it  has  evi¬ 
dently,  by  introducing  a  greater  confumption  of  them, 
(an  infallible  confequence  of  a  nation’s  dwelling  in 
towns)  counteracted  the  effects  of  our  prodigious  ad¬ 
vances  in  the  arts. 

But  however  frugality  may  fupply  the  place  of,  or 
prodigality  counteract  the  effeCts  of  the  natural  or  ac¬ 
quired  fubfiftence  of  a  country,  induftry  is,  beyond 
doubt,  a  more  efficacious  caufe  of  plenty  than  any  na¬ 
tural  advantage  of  extent  or  fertility.  I  have  men¬ 
tioned  inftances  of  frugality  and  induftry  united  with 
extent  and  fertility  3  in  Spain  and  Afia  Minor ,  we  fee 
frugality  joined  to  extent  and  fertility,  without  induf¬ 
try  ;  in  Ireland  we  once  faw  the  fame  ;  Scotland  had 
then  none  of  them  but  frugality.  The  change  in 
thefe  two  countries  is  obvious  to  every  one,  and  it  is 
owing  to  induftry  not  yet  very  widely  difFufed  in 
either. 

The  effeCls  of  induftry  and  frugality  in  England  are 
furprifmg ;  both  the  rent  and  the  value  of  the  inher 
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ritancc  of  land  depend  on  them  greatly  more  than  on 
nature,  and  this,  though  there  is  no  confiderable  diL 
ference  in  the  prices  of  our  markets.  Land  of  equal 
goodnefs  lets  for  double  the  rent  of  other  land  lying 
in  the  fame  county,  and  there  are  many  years  purchafe 
difference  between  different  counties,  where  rents  are 
equally  well  paid  and  fecure. 

Thus  manners  operate  upon  the  number  of  inha¬ 
bitants,  but  of  their  filent  effefts  upon  a  civil  confti- 
tution,  hiftory  and  even  our  own  experience,  yields  us 
abundance  of  proofs,  though  they  are  not  uncommonly 
attributed  to  external  caufes  :  Their  fupport  of  a  go¬ 
vernment  againft  external  force  is  fo  great,  that  it  is  a 
common  maxim  among  the  advocates  of  liberty,  that 
no  free  government  was  ever  diffolved,  or  overcome, 
before  the  manners  of  its  fubjedts  were  corrupted. 

The  fuperiority  of  Greece  over  Pe?jia  was  fingly 
owing  to  their  difference  of  manners ;  and  that,  tho’ 
ail  natural  advantages  were  on  the  fide  of  the  latter, 
to  which  I  might  add  the  civil  ones  ;  for  though  the 
greatefl  of  all  civil  advantages.  Liberty,  was  on  the 
lide  of  Greece ,  yet  that  added  no  political  ftrength  to 
her,  than  as  it  operated  on  her  manners,  and,  when 
they  were  corrupted,  the  reftoration  of  their  liberty 
by  the  Romans ,  overturned  the  .remains  of  their  power. 

Whether  the  manners  of  ancient  Rome  were,  at  any 
period,  calculated  to  promote  the  happinefs  of  indivi¬ 
duals,  it  is  not  my  defign  to  examine  ;  but  that  their 
manners,  and  the  effects  of  thofe  manners  on  their 
government  and  public  .conduct,  founded,  enlarged, 
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and  fupported,  and  afterwards  overthrew  their  empire, 
is  beyond  all  doubt.  One  of  the  effefls  of  their  con- 
queft  furnifhes  ris  with  a  ftrong  proof  how  prevalent 
manners  are  even  beyond  quantity  of  fubfiftence ;  for, 
when  the  cuftom  of  bellowing  on  the  citizens  of  Rome 
corn  enough  to  fupport  themfelves  and  families,  was 
become  eftablifhed,  and  Egypt  and  Sicily  produced  the 
grain  that  fed  the  inhabitants  of  Italy ,  this  became  lefs 
populous  every  day,  and  the  Jus  trium  liberorum  was 
but  an  expedient  that  could  not  balance  the  want  of 
induftry  and  frugality. 

But  corruption  of  manners  did  not  only  thin  the 
inhabitants  of  the  Roma?i  empire,  it  rendered  the  re¬ 
mainder  incapable  of  defence,  long  before  its  fall,  per¬ 
haps  before  the  diffolution  of  the  republic ;  fo  that 
without  Handing  difciplined  armies  compofed  of  men, 
whofe  moral  habits  principally,  and  mechanical  habits 
fecondarily,  made  them  different  from  the  body  of  the 
people,  the  Roman  empire  had  been  a  prey  to  the  bar¬ 
barians  many  ages  before  it  was. 

By  the  mechanical  habits  of  the  foldiery,  I  mean 
their  difcipline,  and  the  art  of  war ;  and  that  this  is 
but  a  fecondary  quality,  appears  from  the  inequality 
that  has  in  all  ages  been  between  raw,  though  well  dif¬ 
ciplined  armies,  and  veterans,  and  more  from  the  ir- 
refiftible  force  a  fmgle  moral  habit,  Religion,  has 
conferred  on  troops  frequently  neither  difciplined  nor 
experienced. 

The  military  manners  of  the  Nobleffe  in  France* 
compofe  the  chief  force  of  that  kingdom,  and  the  en- 
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terprifmg  manners,  and  reftlefs  difpofitions  of  the  in¬ 
habits  of  Canada  have  enabled  a  handful  of  men  to 

%  . 

harrafs  our  populous,  and,  generally,  lefs  martial  co¬ 
lonies  ;  yet  neither  are  of  the  value  they  feem  at  firfl 
fight,  becaufe,  overbalanced  by  the  defeft  they  occafion 
of  other  habits  that  would  produce  more  eligible  po¬ 
litical  good :  And  military  manners  in  a  people  are  not 
neceflary  in  an  age  and  country  where  fuch  manners 
may  be  occafionally  formed  and  preferved  among  men 
enough  to  defend  the  flate ;  and  fuch  a  country  is 
Great  Britain ,  where,  though  the  lower  clafs  of  peo¬ 
ple  are  by  no  means  of  a  military  caft,  yet  they  make 

better  foldiers  than  even  the  Nobleffe  of  France. 

* 

The  inhabitants  of  this  country,  a  few  ages  back,' 
were  to  the  populous  and  rich  provinces  of  France , 
what  Canada  is  now  to  the  Britijh  colonies.  It  is  true, 
there  was  lefs  difproportion  between  their  natural 
ftrength  $  but  I  mean  that  the  riches  of  F?~ance  were  a 
real  weaknefs  oppofed  to  the  military  manners  founded 
upon  poverty  and  a  rugged  difpofition,  than  the  cha¬ 
racter  of  the  Englijh ;  but  it  mull  be  remembered,  that 
at  this  time  the  manners  of  a  people  were  not  diftinft 
from  that  of  their  foldiery,  for  the  ufe  of  ftanding 
armies  has  deprived  a  military  people  of  the  advan¬ 
tages  they  before  had  over  others ;  and  though  it  has 
been  often  faid,  that  civil  wars  give  power,  becaufe 
they  render  all  men  foldiers,  I  believe  this  has  only 
been  found  true  in  internal  wars  following  civil  wars, 
and  not  in  external  ones ;  for  now,  in  foreign  wars, 
a  fmall  army  with  ample  means  to  fuppbrt  it,  is  of 
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greater  force  than  one  more  numerous,  with  left. 
This  laft  fad:  has  often,  happened  between  France  and 
Germany \ 

The  means  of  fupporting  armies,  and,  co-nfequently,. 
the  power  of  exerting  external  ftrength,  are  beft  found 
in  the  induftry  and  frugality  of  the  body  of  a  people 
living  under  a  government  and  laws  that  encourage 
commerce  for  commerce  is  at  this  day  alrnoft  the  only 
Jlimulus  that  forces  every  one  to  contribute  a  fhare  of 
labour  for  the  public  benefit. 

But  fuch  is  the  human  frame,  and  the  world  is  fo 
q onftituted,  that  it  is  a  hard  matter  to  poflefs  ones  felf 
of  a  benefit,  without  laying  ones  felf  open  to  a  lofs 
on  fome  other  fide ;  the  improvements  of  manners  of 
one  fort,  often  deprave  thofe  of  another:  Thus  we 
fee  induftry  and  frugality  under  the  influence  of  com¬ 
merce,  which  I  call  a  commercial  fpirit,  tend  to  def- 
troy,  as  well  as  fupport,  the  government  it  flourifhes 
tmder. 

Commerce  perfedts  the  arts,  but  more  the  mechani¬ 
cal,  than  the  liberal,  and  this  for  an  obvious  reafon 
it  foftens  and  enervates  the  manners.  Steady  virtue, 
and  unbending  integrity,  are  feldom  to  be  found  where 
a  fpirit  of  commerce  pervades  every  thing  ;  yet  the. 
perfection  of  commerce  is,  that  every  thing  fliould 
have  its  price.  We  every  day  fee  its  progrefs,  both  to 
our  benefit  and  detriment  here.  Things  that  boni  mo - 
res,  forbid  to  be  fet  to  fale,  are  become  its  objeCts,  and 
there  are  few  things  indeed  extra  commercium .  The 
legiftative  power  itfelf  has  been/#  commercio^  and  church 
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livings  are  feldom  given  without  ootifideration,  even  by 
fincere  Chriftians,  and  for  confideration  not  feldom  to 
very  unworthy  perfons.  The  rudenefs  of  antient  mi¬ 
litary  times,  and  the  fury  of  more  modern  enthufiaftic 
ones,  are  worn  off  ;  even  the  fpirit  of  forenfic  con¬ 
tention  is  aftonifhingly  diminilhed,  all  marks  of  man¬ 
ners  foftening  ;  but  luxury  and  corruption  have  taken 
their  places,  and  feem  the  infeparable  companions  of 
Commerce  and  the  Arts.  .  " 

I  cannot  help  obferving,  however,  that  this  is  much 
more  the  cafe  in  extenfive  countries,  efpecially  at  their 
metropolis,  than  in  other  places.  It  is  an  old  obfer- 
vation  of  politicians,  and  frequently  made  by  hifto- 
rians,  that  fmall  ftates  always  beft  pteferve  their  man¬ 
ners;  whether  this  happens  from  the  greater0  room 
there  is  for  attention  in  the  legiflature,  or  from  the 
;lefs  room  there  is  for  ambition  and  avarice,  it  is  a 
ftrong  argument,  amorig  others,  againft  an  incorpo¬ 
rating  union  of  the  colonies  in  America ,;  or  even  a 
federal  one,  that  may  tend  to  the  future  reducing  them 
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under  one  government. 

Their  power,  while  difunited,  is  lefs,  but  their  liberty, 
as  well  as  manners,  is  more  f ecu  re;  and,  confidering 
the  little  danger  of  any  conqueft  to  be  made  upon 
them,  I  had  rather  they  fhould  fuffer  fomething  thro’ 
difunion,  than  fee  them  under  a  general  adminift ration 
lefs  equitable  than  that  concerted  at  Albany > 

I  take  it,  the  inhabitants  of  PMfyfaanta  are  both  frugal 
and  induftrious  beyond  thofe  of' any  province  in  Ame- 
If  luxury  fhould  fpread,,  it  cannot  be  extirpated 
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by  laws.  We  are  told  by  Plutarch ,  that  Plato  ufed  to 
fay,  It  was  a  hard  thing  to  make  laws  for  the  Cyrexuans, 
a  people  abounding  in  plenty  and  opulence . 

But  from  what  I  fet  out  with,  it  is  evident,  if  I  be 
not  miftaken,  that  education  only  can  ftem  the  tor- 
rent,  and  without  checking  either  true  induftry  or 
frugality,  prevent  the  fordid  frugality  and  lazinefs  of 
the  old  lrijhy  and  many  of  the  modem  Scotch,  (I  mean 
the  inhabitants  of  that  country,  thofe  who  leave  it  for 
another  being  generally  induftrious)  or  the  induftry, 
mixed  with  luxury,  of  j  this  capital,  from  getting 
ground,  .and  by  rendering  antient  manners  familiar, 
produce  a  reconciliation  between  difintereftednefs  and 
commerce ;  a  thing  we  often  fee,  but  almoft  always  in 
men  of  a  liberal  education. 

To  conclude ;  when  we  would  form  a  people,  foil 
and  climate  may  be  found,  at  leaft  fufficiently  good: 
inhabitants  may  be  encouraged  to  fettle,  and  even  fup- 
ported  for  a  while ;  a  good  government  and  laws  may 
be  framed,  and  even  arts  may  be  eftabliflhed,  or  their 
produce  imported;  but  many  neceffary  moral  habits 
are  hardly  ever  found  among  thofe  who  voluntary  offer 
themfelves  in  times  of  quiet  at  home,  to  people  new 
colonies  ;  befides  that  the  moral,  as  well  as  mechani¬ 
cal  habits,  adapted  to  a  mother  country,  are  frequently 
not  fo  to  the  new  fettled  one,  and  to  external  events,, 
many  of  which  are  always  unforefeen.  Hence  it  is 
we  have  feen  fuch  fruitlefs  attempts  to  fettle  colonies, 
at  an  immenfe  public  and  private  expence,  by  feveral 
of  the  powers  of  Europe  :  And  it  is  particularly  ob~ 
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fervable  that  none  of  the  Englifh  colonies  became  any 
■way  confiderable,  -till  the  neceifary  manners  were  born 
and  grew  up  in  the  county,  excepting  thofe  to  which 
-Angular  circumftances  at  home  forced  manners  fit  for 
the  forming  a  new  ftate. 


I  am ,  Sir,  &cc. 


'  l  J 


’•  .  TUI 


R.  J. 


LETTER  XXVI, 


K  - 


*  V. 


FROM 


»  n  -  *  f**  *  • 

\  y  i  j  o  w  V  >a  1 


Benjamin  Franklin,  Efq%,  of  Philadelphia. 

P  * [  </*  *  t  '  rt  e y  ’  *  rt*  '*1'  ri 

T  O 


4.  .i  , 


Dr.  L. 


,  at  Charles-Town.  South-Car olina- 

j  t 


S  I  R, 


..j 

*  *  *  < 


.  J 


>n;; 


New-York ,  14,  1757. 


IT  is  a  long  time  fince  I  had  the  pleafure  of  a  line 
from  you  •  and,  indeed,  the  troubles  of  our  coun¬ 
try",  with  the  hurry  of  bufmefs  i  have  been  engaged 
in  on  that  account,  have  made  me  fo  bad  a  eorrefpon- 
dent,  that  I  ought  not  to  expeft  pun&uality  in  others. 

But  being  about  to  embark  for  England ,  I  could  not 
quit  the  Continent  without  paying  my  refpefls  to  you, 
and,  at  the  fame  time,  taking  leave  to  introduce  to 
your  acquaintance  a  Gentleman  of  learning  and  merit, 

Golonel 
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Colonel  Henry  Bouquet ,  who  does  me  the  favour  to  pre- 
fent  you  this  letter,  and  with  whom  I  am  fure  you 
will  be  much  pleafed. 

Profefibr  Simpfon ,  of  Glafgow ,  lately  communicated 
to  me  fome  curious  experiments  of  a  phyfician  of  his 
acquaintance,  by  which  it  appeared,  that  an  extraor¬ 
dinary  degree  of  cold,  even  to  freezing,  might  be  pro¬ 
duced  by  evaporation.  I  have  not  had  leifure  to  repeat 
and  examine  more  than  the  firft  and  eafieft  of  them, 
viz. — Wet  the  ball  of  a  thermometer  by  a  feather  dipt 
in  fpirit  of  wine,  which  has  been  kept  in  the  fame 

•  it'  v  ** 

room,  and  has,  of  courfe,  the  fame  degree  of  heat  or 
cold.  The  mercury  finks  prefently  three  or  four  de¬ 
grees,  and  the  quicker,  if,  during  the  evaporation, 
you  blow  on  the  ball  with  bellows  ;  a  fecond  wetting 
and  blowing,  when  the  mercury  is  down,  carries  it 
yet  lower.  I  think  I  did  not  get  it  lower  than  five  or 
fix  decrees  from  where  it  naturally  flood,  which  was, 

.  .  ,  '  tJ  S*  A  T>  i  Vj  *.  •  (•  •  l  ...  1  ..  .  MA  ,  -  c  ■  'a 

at  that  time  lixty.  But  it  is  laid,  that  a  vellel  or  water 
being  placed  in  another  fomewhat  larger,  containing 
fpirit,  in  fbch  a  manner  that  the  veflfel  of  water  is  fur- 
rounded  with  the  fpirit/  and  both  placed  under  the 
receive^  of  ansairrpump ;  on  exhaufting  the .  air,  the 
fpirit,  evaporating,  leaves  fuch  a  degree  of  cold  as  to 
freeze  .the  water,  though  the  thermometer,  in  the.  open 
air,  ffapds  many  degrees  above  the  freezing  point. 

I  know  not  how  this  phenomenon  is  to  be  accounted 
for,  but  it  gives  me  occafion  to  mention  fome  loofe 
notions  relating  to  heat  and  cold,  which  I  have  for 
fome  time  entertained,  but  mot  yet  reduced  into  any 

C«*  *  c* 
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form.  Allowing  common  fire,  as  well  as  electrical, 
to  be  a  fluid  capable  of  permeating  other  bodies,  and 
feeking  an  equilibrium,  I  imagine  fome  bodies  are  bet¬ 
ter  fitted  by  nature  to  be  conductors  of  that  fluid  than 
others ;  and  that,  generally,  thofe  which  are  the  belt 
conductors  of  the  eleCtrical  fluid,  are  alfo  the  beft 
conductors  of  this  ;  and  e  contra . 

Thus  a  body  which  is  a  good  conductor  of  fire, 
readily  receives  it  into  its  fubflance,  and  conduCts  it 
through  the  whole  to  all  the  parts,  as  metals  and  wa¬ 
ter  do  5  and  if  two  bodies,  both  good  conductors,  one 
heated,- the  other  in  its  common  ftate,  are  brought  into 
contact  with  each  other,  the  body  which  has  moft  fire, 
readily  communicates  of  it  to  that  which  had  lead,  and 
that  which  had  lead  readily  receives  it,  till  an  equili¬ 
brium  is  produced,.  Thus  if  you  take  a  dollar  between 
your  fingers  with  one  hand,  and  a  piece  of  wood,  of 
the  fame  dimenfions,  with  the  other,  and  bring  both 
at  the  fame  time,  to  the  flame  of  a  candle,  you  will 
find  yourfelf  obliged  to  drop  the  dollar  before  you 
drop  the  wood,  becaufe  it  conducts  the  heat  of  the 
candle  fooner  to  your  flefh..  Thus  if  a  filver  tea-pot 
had  a  handle  of  the  fame  metal,  it  would  conduct  the 
heat  from  the  water  to  the  hand,  and  become  too  hot 
to  be  ufed  ;  we  therefore  give  to  a  metal  tea-pot  a 
handle  of  wood,  which  is  not  fo  good  a  conductor  as 
metal.  But  a  china  or  ftone  tea-pot  being  in  fome  de¬ 
gree  of  the  nature  of  glafs,  which  is  not  a  good  con¬ 
ductor  of  heat,  may  have  a  handle  of  the  fame  fluff. 
Thus,  alfo,  a  damp  moifl  air  fhall  make  a  man  more 
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fenfible  of  cold,  or  chill  him  more  than  a  dry  air  that 
is  colder,  becaufe  a  moift  air  is  fitter  to  receive  and 
conduft  away  the  heat  of  his  body.  This  fluid  enter¬ 
ing  bodies  in  great  quantity,  firfl:  expands  them,  by 
feparating  their  parts  a  little  -y  afterwards  by  farther 
feparating  their  parts,  it  renders  folids  fluid,  and  at 
length  diflipates  their  parts  in  air.  Take  this  fluid 
from  melted  lead,  or  from  water,  the  parts  cohere 
again,  the  firfl;  grows  folid,  the  latter  becomes  ice  : 
And  this  is  fooner  done  by  the  means  of  good  con¬ 
ductors.  Thus  if  you  take,  as  I  have  done,  a  fquare 
bar  of  lead*  four  inches  long,  and  one  inch  thick) 
together  with  three  pieces  of  wood  planed  to  the  fame 

dimenfions,  and  lay  them,  as  in  the 
margin,  on  a  fmooth  board,  fixt  fo 
as  not  to  be  eafily  feparated  or  moved, 
and  pour  into  the  cavity  they  form, 
as  much  melted  lead  as  will  fill  it, 
you  will  fee  the  melted  lead  chill,  and 
become  firm,  on  the  fide  next  the 
leaden  bar,  feme  time  before  it  chills  on  the  other 
three  fides  in  contadl  with  the  wooden  bars,  though 
before  the  lead  was  poured  in,  they  might  all  be  fup~ 
pofed  to  have  the  fame  degree  of  heat  or  coldnefs,  as 
they  had  been  expofed  in  the  fame  room  to  the  fame 
air.  You  will  likewife  obferve,  that  the  leaden  bar, 
as  it  has  cooled  the  melted  lead  more  than  the  wooden 
bars  have  done,,  fo  it  is  itfelf  more  heated  by  the 
melted  lead. 

There  is  a  certain  quantity  of  this  fluid  called  fire, 
in  every  living  human  body,  which  fluid  being  in  due 

proportion, 


proportion,  keeps  the  parts  of  the  flefh  and  blood,  at 
fuch  a  juft  diftance  from  each  other,  as  that  the  flelbt 
and  nerves  are  fupple,  and  the  blood  fit  for  circulation. 
If  part  of  this  due  proportion  of  fire,  be  conducted 
away  by  means  of  a  contadl  with  other  bodies,  as  air, 
water,  or  metals,  the  parts  of  our  lkin  and  flefh  that 
come  into  fuch  contadt,  firft  draw  more  near  together 
than  is  agreeable,  and  give  that  fenfation  which  we 
call  cold ;  and  if  too  much  be  conveyed  away,  the 
body  ftiffens,  the  blood  ceafes  to  flow,  and  death 
enfues.  On  the  other  hand,  if  too  much  of  this  fluid 
be  communicated  to  the  flefh,  the  parts  are  feparated 
too  far,  and  pain  enfues,  as  when  they  are  feparated 
by  a  pin  or  lancet.  The  fenfation  that  the  feparation. 
by  fire  occafions,  we  call  heat,  or  burning.  My  defk 
on  which  I  now  write,  and  the  lock  of  my  defk,  arc 
both  expofed  to  the  fame  temperature  of  the  air,  and 
have  therefore  the  fame  degree  of  heat  or  cold $  yet  if 
I  lay  my  hand  fucceflively  on  the  wood  and  on  the 
metal,  the  latter  feels  much  the  coldeft,  not  that  it  is 
really  fo,  but  being  a  better  conduftor,  it  more  readily 
than  the  wood  takes  away  and  draws  intoi  *felf  the 
fire  that  was  in  my  fkin.  Accordingly  if  I  lay  one 
hand,  part  on  the  lock,  and  part  on  the  wood,  and 
after  it  has  lain  fo  fome  time,  I  feel  both  parts  with 
my  other  hand,  I  find  the  part  that  has  been  in  con¬ 
tact  with  the  lock,  very  fenfibly  colder  to  the  touch, 
than  the  part  that  lay  on  the  wood. 

How  a  living  animal  obtains  its  quantity  of  this 
fluid  called  fire,  is  a  curious  queftion.  I  have  fhewn 
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that  fame  bodies  (as  metals)  have  a  power  of' attract¬ 
ing  it  ftronger  than  others ;  and  1  have  fometimes 
fufpefted  that  a  living  body  had  feme  power  of  at¬ 
tracting  out  of  the  air,  or  other  bodies,  the  heat  it 
wanted.  Thus  metals  hammered,  or  repeatedly  bent, 
grow  hot  in  the  bent  or  hammered  part.  But  when  I 
confider  that  air,  in  contaft  with  the  body,  cools  it ; 
that  the  furrounding  air  is  rather  heated  by  its  contact 
with  the  body  ;  that  every  breath  of  cooler  air  drawn 
in,  carries  off  part  of  the  body’s  heat  when  it  paffes 
out  again  5  that  therefore  there  muff  be  in  the  body  a 
fund  for  producing  it,  or  otherwife  the  animal  would 
foon  grow  cold ;  I  have  been  rather  inclined  to  think 
that  the  fluid  fire ,  as  well  as  the  fluid  is  attracted 
by  plants  in  their  growth,  and  becomes  confolidated 
with  the  other  materials  of  which  they  are  formed, 
and  makes  a  great  part  of  their  fubftance  :  That  when 
they  come  to  be  digefted,  and  to  fuffer  in  the  veffels 
a  kind  of  fermentation,  part  of  the  fire,  as  well  as 
part  of  the  air,  recovers  its  fluid  aftive  ftate  again, 
and  diffufes  itfelf  in  the  body  digefting  and  feparating 
it :  That  the  fire  fo  reproduced  by  digeftion  and  fepa- 
ration,  continually  leaving  the  body,  its  place  is  fup- 
plied  by  frefh  quantities,  arifing  from  the  continual 
reparation.  That  whatever  quickens  the  motion  of 
the  fluids  in  an  animal,  quickens  the  feparation,  and 
reproduces  more  of  the  fire  5  as  exercife.  That  all 
the  fire  emitted  by  wood,  and  other  combuftibles, 
when  burning,  exifted  in  them  before,  in  a  folid  ftate, 
being  only  difcovered  when  feparating.  That  fome 
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foffils,  as  fulphur,  fea-coal,  &c.  contain  a  great  deal 
of  folid  fire:  That  fome  bodies  are  altnoft  wholly  folid 
fire  ;  and  that,  in  fhort,  what  efcapes  and  is  diffipated 
in  the  burning  of  bodies,  belides  water  and  earth,  is 
generally  the  air  and  fire  that  before  made  parts  of 
the  folid. — Thus  I  imagine  that  animal  heat  arifes  by 
or  from  a  kind  of  fermentation  in  the  juices  of  the 
body,  in  the  fame  manner  as  heat  arifes  in  the  liquors 
preparing  for  diflillation,  wherein  there  is  a  fepara- 
tion  of  the  fpirituous,  from  the  watry  and  earthy 
parts. — -And  it  is  remarkable,  that  the  liquor  in  a 
diftiller’s  vat,  when  in  its  higheft  and  beft  ftate  of  fer¬ 
mentation,  as  1  have  been  informed,  has  nearly  the 
fame  degree  of  heat  with  the  human  body;  that  is, 
about  94  or  96.  -  -  <  ’  > 

Thus,  as  by  a  conftant  fiipply  of  fuel  in  a  chimney, 
you  keep  a  warm  room,  fo,  by  a  conftant  fupply  of 
food  in  the  ftomach,  you  keep  a  warm  body ;  only 
where  little  exercife  is  ufed,  the  heat  may  poffibly  be 
conducted  away  too  faft  ;  in  which  cafe  fuch  materials 
are  to  Te  ufed  for  cloathing  and  bedding,  againft  the 
effe<ft$  of  an  immediate  contact  of  die  air,  as  are,  in 
themfelves,  bad  condudtors  of  heat,  and,  confequently, 
prevent  its  being  communicated  through  their  fub- 
ftance  to  the  air.  Hence  what  is  called  warmth  in 
wool,  and  its  preference,  on  that  account,  to  linen; 
wool  not  being  fo  good  a  conduftor:  And  hence  all 
the  natural  coverings  of  animals,  to  keep  them  warm, 
are  fuch  as  retain  and  confine  the  natural  heat  in  the 
body,  by  being  bad  conduAors,  fuch  as  wool,  hair, 
c  '''*  Z  z  z  feathers. 
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feathers,  and  the  filk  by  which  the  filk-worm,  in  its 
tender  embrio  ftate,  is  firft  cloathed.  Cloathing,  thus 
considered,  does  not  make  a  man  warm  by  giving 
warmth,  but  by  preventing  the  too  quick  diffipation  of 
the  heat  produced  in  his  body,  and  fo  occafioning  an 
accumulation. 

There  is  another  curious  queftion  I  will  juft  ven¬ 
ture  to  touch  upon,  viz .  Whence  arifes  the  hidden 
extraordinary  degree  of  cold,  perceptible  on  mixing 
fome  chemical  liquors,  and  even  on  mixing  fait  and 
fnow,  where  the  compofition  appears  colder  than  the 
coldeft  of  the  ingredients  ?  I  have  never  feen  the  che¬ 
mical  mixtures  made,  but  fait  and  fnow  I  have  often 
mixed  myfelf,  and  am  fully  fatisfied  that  the  compofi- 
tion  feels  much  colder  ta  the  touch,  and  lowers  the 
mercury  in  the  thermometer  more  than  either  ingre¬ 
dient  would  do  feparately.  I  fuppofe,  with  others,  ' 
that  cold  is  nothing  more  than  the  abfence  of  heat  or 
fire.  Now  if  the  quantity  of  fire  before  contained  or 
diffused  in  the  fnow  and  fait,  was  expelled  in  the 
uniting  of  the  two  matters,  it  muft  be  driven  away 
either  through  the  air  or  the  veffel  containing  them. 
If  it  is  driven  off  through  the  air,  it  muft  warm  the 
air,  and  a  thermometer  held  over  the  mixture,  with¬ 
out  touching  it,  would  difcover  the  heat,  by  the  riling 
of  the  mercury,  as  it  muft,  and  always  does  in 
warm  air. 

This,  indeed,  I  have  not  tried,  but  I  fhould  guefs  it 
would  rather  be  driven  off  through  the  veffel,  efpecially 
if  the  veffel  be  metal,  as  being  a  better  conductor  than 

air  * 


air;  and  fo  one  fliould  find  the  bafon  warmer  after 
filch  mixture.  But,  on  the  contrary,  the  veffel  grovvs 
cold,  and  even  water  in  which  the  veffel  is  fometimes 
placed  for  the  experiment,  freezes  into  hard  ice  on  the 
bafon.  Now  I  know  not  how  to  account  for  this, 
otherwife  than  by  fuppofing  that  the  compofition  is  a 
better  conduClor  of  fire  than  the  ingredients  feparately, 
and  like  the  lock  compared  with  the  wood,  has  a 
ftronger  power  of  attracting  fire,  and  does  accordingly 
attraft  it  fuddenly  from  the  fingers,  or  a  thermometer 
put  into  it,  from  the  bafon  that  contains  it,  and  from 
the  water  in  contact  with  the  outfide  of  the  bafon  ;  fo 
that  the  fingers  have  the  fenfation  of  extreme  cold,  by 
being  .deprived  of  much  of  their  natural  fire  ;  the  ther¬ 
mometer  finks,  by  having  part  of  its  fire  drawn  out  of 
the  mercury  ;  the  bafon  grows  colder  to  the  touch,  as  by 
having  its  fire  drawn  into  the  mixture,  it  is  become 
more  capable  of  drawing  and  receiving  it  from  the 
hand  ;  and  through  the  bafon,  the  water  lofes  its  fire 
that  kept  it  fluid ;  fo  it  becomes  ice.— One  would  ex- 
peft  that  from  all  this  attracted  acquifition  of  fire  to 
the  compofition,  it  fliould  become  warmer  ;  and,  in 
faCt,  the  fnow  and  fait  diffolve  at  the  fame  time  into 


water,  without  freezing. 
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I  am,  Sir,  6tc 
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FROM 


Benj.  Franklin,  Efq j  of  Philadelphia . 


T  O 


Peter  Collinson,  Efq .  London* 


♦ 


SIR, 

CCORDING  to  your  requeft  I  now  fend  you 
the  Arithmetical  Curiofity,  of  which  this  is  the 


Being  one  day  in  the  country,  at  the  houfe  of  out 
common  friend,  the  late  learned  Mr.  Logan ,  he  fhewed 
me  a  folio  French  book  filled  with  magic  fquares,  wrote3 
if  I  forget  not,  by  one  M,  Frenicle ,  in  which  he  faid 
the  author  had  difcovered  great  ingenuity  and*  dexterity 
in  the  management  of  numbers  ;  and  though  feveral 
other  foreigners  had  diftinguifhed  themfelves  in  the 
fame  way,  he  did  not  recollect  that  any  one  Englijh ■* 
man  had  done  any  thing  of  the  kind  remarkable. 

I  faid*  it  was,  perhaps,  a  mark  of  the  good  fenfe  of 
our  Fnglijld  mathematicians,  that  they  would  not  fpend 

their 
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their  time  in  things  that  were  merely  difficiles  *nug<&y 
incapable  of  any  ufeful  application.  He  anfwered, 
that  many  of  the  arithmetical  or  mathematical  quef- 
tions,  publicly  propofed  and  anfwered  in  Englaijd,  were 
equally  trifling  and  ufelefs.  Perhaps  the  confl dering 
and  anfwering  fuch  queftions,  I  replied,  may  not  be 
altogether  ufelefs,  if  it  produces  by  pradlice  an  habi¬ 
tual  readinefs  and  exacfnefs  in  mathematical  difquifi- 
tions,  which  readinefs;  may,  on  many  occalions,  be  of 
real  ufe.  In  the  fame  way,  fays  he,  may  the  making 
of  thefe  fquares  be  of  ufe.  I  then  confefled  to  him, 
that  in  my  younger  days,  having  once  fome  leifure, 
(which  I  ftiil  think  I  might  have  employed  more  ufe- 
fully)  I  had  amufed  mylelf  in  making  thefe  kind  of 
magic  fquares,  and,  at  length,  had  acquired  fuch  a 
knack  at  it,  that  I  could  fill  the  cells  of  any  magic 
fquare  of  reafonable  fize,  with  a  feries  of  numbers  as 
faft  as  I  could  write  them,  difpofed  in  fuch  a  manner 
as  that  the  fums  of  every  row,  horizontal,  perpendicu¬ 
lar,  or  diagonal,  flioud  be  equal;  but  not  being  fatif- 
fied  with  thefe,  which  I  looked  on  as  common  and 
eafy  things,  I  had  impofed  on  myfelf  more  difficult 
talks,  and  lucceeded  in  making  other  magic  fquares, 
with  a  variety  of  properties,  and  much  more  curious. 
He  then  fhewed  me  feveral  in  the  fame  book,  of  an 
uncommon  and  more  curious  kind ;  but  as  I  thought 
none  of  them  equal  to  fome  I  remembered  to  have 
made,  he  defired  me  to  let  him  fee  them ;  and  accord¬ 
ingly,  the  next  time  I  vifited  him,  I  carried  him  a 
fquare  of  8,  which  I  found  among  my  old  papers,  and 

which 
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which  I  will  now  give  you,  with  an  account  of  its 
properties.  (See  Plate  IV.) 

-  The  properties  are, 

1.  That  every  ftrait  row  (horizontal  or  vertical)  of  8 

numbers  added  together,  makes  260,  and  half  each  row 
half  260.  '  > 

2.  That  the  bent  row  of  8  numbers,  afcending  and 
defcending  diagonally,  viz.  from  16  afcending  to  10, 
and  from  23  defcending  to  173  and  every  one  of  its 
parallel  bent  rows  of  8  numbers  make  260.- — Alfo  the 
bent  row  from  52  defcending  to  54,  and  from  43  af¬ 
cending  to  45  j  and  every  one  of  its  parallel  bent  rows 
of  8  numbers  make  260.— Alfo  the  bent  row  from  45 
to  43,  defcending  to  the  left,  and  from  23  to  17,  de¬ 
fcending  to  the  right,  and  every  one  of  its  parallel 
bent  rows  of  8  numbers,  make  260,-— Alfo  the  bent 
row  from  52  to  54,  defcending  to  the  right,  and  from 
10  to  16,  defcending  to  the  left,  and  every  one  of  its 
parallel  bent  rows  of  8  numbers  make  260. — Aifo  the 
parallel  bent  rows  next  to  the  above-mentioned,  which 
are  fhortened  to  3  numbers  afcending,  and  3  defcending, 
&c.  as  from  53  to  4  afcending,  and  from  29  to  44  de¬ 
fcending,  make,  with  the  2  corner  numbers,  260  — 
Alfo  the  2  numbers  14,  61  afcending,  and  36,  19  de¬ 
fcending,  with  the  lower  4  numbers  fituated  like  them, 
viz.  50,  1,  defcending,  and  32,  47,  afcending,  make 
260. — And,  laftly,  the  4  corner  numbers,  with  the  4 
middle  numbers,  make  260. 

So  this  magical  fquare  feems  perfedl  in  its  kind. 
But  thefe  are  not  all  its  properties  $  there  are  5  other 
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curious  ones,  which,  at  fome  other  time,  I  will  explain 
to  you. 

Mr.  Logan ,  then  fhewed  me  an  old  arithmetical  book, 
in  quarto,  wrote,  I  think,  by  one  Stifelius ,  which 
contained  a  fquare  of  16,  that  he  faid  he  fhould  ima¬ 
gine  muft  have  been  a  work  of  great  labour;  but  if  I 
•forget  not,  it  had  only  the  common  properties  of  mak¬ 
ing  the  fame  fum,  viz.  2056,  in  every  row,  horizontal, 
vertical,  and  diagonal*  Not  willing  to  be  out-done  by 
Mr.  Stifelius ,  even  in  the  fi£e  of  my  fquare,  I  went 
home,  and  made,  that  evening,  the  following  magical 
fquare  of  16,  which,  befides  having  all  the  properties 
of  the  foregoing  fquare  of  3,  i  e .  it  would  make  the 
2056  in  all  the  fame  rows  and  diagonals,  had  this  ad¬ 
ded,  that  a  four-fquare  hole  being  cut  in  a  piece  of 
paper  of  fuch  a  fize  as  to  take  in  and  fhew  through  it 
juft  16  of  the  little  fquares,  when  laid  on  the  greater 
fquare,  the  fum  of  the  1 6  numbers  fo  appearing  throT 
the  hole,  wherever  it  was  placed  on  the  greater  fquare, 
fhould  likewife  make  2056.  This  I  lent  to  our  friend 
the  next  morning,  who,  after  fome  days,  fent  it  back 
in  a  letter  with  thefe  words  t — -“  I  return  to  thee  thy 
“  aftonifhing  or  moft  ftupendous  piece  of  the  magical 
“  fquare,  in  which” - but  the  compliment  is  too  ex¬ 

travagant,  and  therefore,  for  his  fake,  as  well  as  my 
own,  I  ought  not  to  repeat  it.  Nor  is  it  neceflary ; 
for  I  make  no  queftion  but  you  will  readily  allow  this 
fquare  of  16  to  be  the  moft  magically  magical  of  any 
magic  fquare  ever  made  by  any  magician*  (See  the 
Plate.) 
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I  did  not,  however,  end  with  fquares,  but  compofed 
alfb  a  magic  circle,  confifting  of  8  concentric  circles, 
and  8  radial  rows,  filled  with  a  feries  of  numbers  from 
12  to  75  inclufive,  fo  difpofed  as  that  the  numbers  of 
each  circle,  or  each  radial  row,  being  added  to  the 
central  number  12,  they  make  exactly  360,  the  num¬ 
ber  of  degrees  in  a  circle ;  and  this  circle  had,  more¬ 
over,  all  the  properties  of  the  fquare  of  8.  If  you  de¬ 
fire  it,  I  will  fend  it ;  but  at  prefent,  I  believe,  you 
have  enough  on  this  fubjefh 

I  am ,  Gfc.  B.  F. 


LETTER  XXVIII. 

To  the  fame. 

S  I  R, 

I  AM  glad  the  perufal  of  the  magical  fquares  afforded 
you  any  amufement.  I  now  fend  you  the  magical 
circle.  ( See  Plate  V.) 

Its  properties,  befides  thofe  mentioned  in  my  former, 
are  thefe. 

Half  the  number  in  any  radial  row,  added  with  half 
the  central  number,  make  180,  equal  to  the  number 
of  degrees  in  a  femi-circle, 

Alfo 
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Alfo  half  the  numbers  in  any  one  of  the  concentric 
circles,  taken  either  above  or  below  the  horizontal 
double  line,  with  half  the  central  number,  make  180. 

And  if  any  four  adjoining  numbers,  {landing  nearly 
in  a  fquare,  be  taken  from  any  part,  and  added  with 
half  the  central  number,  they  make  180. 

There  are,  moreover,  included  four  other  fets  of 
circular  {paces,  excentric  with  refpefl  to  the  fail,  each 
of  thefe  fets  containing  five  fpaces.  The  centers  of 
the  circles  that  bound  them,  are  at  A,  B,  C,  and  D. 
Each  fet,  for  the  more  eafy  diftinguifhing  them  from 
the  firft,  are  drawn-  with  a  different  coloured  ink,  red, 
blue,  green,  and  yellow  *. 

Thele  fets  of  excentric  circular  fpaces  interfecl  thofe 
of  the  concentric,  and  each  other;  and  yet  the  numbers 
contained  in  each  of  the  twenty  excentric  fpaces,  taken 
all  around,  make,  with  the  central  number,  the  fame 
lum  as  thofe  in  each  of  the  8  concentric,  viz.  360.  The 
halves  alfo  of  thole*  drawn  from  the  centers  A  and  C, 
taken  above  or  below  the  double  horizontal  line,  and 
of  thofe  drawn  from  the  centers  B  andD,  taken  to  the 
right  or  left  of  the  vertical  line,  do,  with  half  the 
central  number,  make  juft  180.  . 

It  may  be  obferved,  that  there  is  not  one  of  the 
numbers  but  what  belongs  at  leaft  to  two  of  the  dif¬ 
ferent  circular  fpaces ;  fome  to  three,  fome  to  four, 
fome  to  five ;  and  yet  they  are  all  fo  placed,  as  never 

*  •  *  ‘1  •  »  » 

*  *  >  *  *  •  »  • 

*  In  the  plate  they  are  diftinguiftied  by  dafhed  or  dotted  lines,  as  different 
as  the  engraver  could  well  make  them. 
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to  break  the  required  number  360,  in  any  of  the  28 
circular  fpaces  within  the  primitive  circle. 

Theft  interwoven  circles  make  fo  perplexed  an  ap¬ 
pearance,  that  it  is  not  eafy  for  the  eye  to  trace  every 
circle  of  numbers  one  would  examine,  through  all  the 
maze  of  circles  interfered  by  it;  but  if  you  fix  one 
foot  of  the  compaffes  in  either  of  the  centers,  and  ex¬ 
tend  the  other  to  any  number  in  the  circle  you  would 
examine  belonging  to  that  center,  the  moving  foot 
will  point  the  others  out,  by  paffing  round  over  all 
the  numbers  of  that  circle  fucceffively. 

I  am ,  &c .  B.  F. 


LETTER  XXIX. 

To  the  fame.  jg:;  ; 

Dear  Sir,  Philadelphia,  Aug.  25,  1755. 

AS  you  have  my  former  papers  on  whirlwinds,  &c. 

I  now  fend  you  an  account  of  one  which  I  had 
lately  an  opportunity  of  feeing  and  examining  my- 
felf. 

Being  in  Maryland,  riding  with  Col.  T ’ajker,  and  fome 
other  gentlemen,  to  his  country  feat,  where  I  and  my 
fon  were  entertained  by  that  amiable  and  worthy  man 
with  great  hofpitality  and  kindnefs*  we  faw  in  the 
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vale  below  us,  a  finall  whirlwind  beginning  in  the 
road,  and  fhewing  itfelf  by  the  dull  it  raifed  and  con¬ 
tained.  It  appeared  in  the  form  of  a  fugar-loaf,  fpin- 
ning  on  its  point,  moving  up  the  hill  towards  us,  and 
enlarging  as  it  came  forward.  When  it  pafied  by  us, 
its  fmaller  part  near  the  ground,  appeared  no  bigger 
than  a  common  barrel,  but  widening  upwards,  it 
feemed,  at  40  or  50  feet  high,  to  be  20  or  30  feet  in 
diameter.  The  reft  of  the  company  flood  looking 
after  it,  but  my  curiofity  being  ftronger,  I  followed 
it,  riding  clofe  by  its  fide,  and  obferved  its  licking 
up,  in  its  progrefs,  all  the  duft  that  was  under  its 
fmaller  part.  As  it  is  a  common  opinion  that  a 
fhot,  fired  through  a  water-fpout,  will  break  it,  I 
tried  to  break  this  little  whirl-wind,  by  ftriking  my 
whip  frequently  through  it,  but  without  any  effeft.. 
Soon  after,  it  quitted  the  road  and  took  into  the  woods, 
growing  every  moment  larger  and  ftronger,  railing, 
inftead  of  duft,  the  old  dry  leaves  with  which  the 
ground  was  thick  covered,  and  making  a  great  noife 
with  them  and  the  branches  of  the  trees,  bending 
fome  tall  trees  round  in  a  circle  fwiftly  and  very 
furprizingly,  though  the  progreftive  motion  of  the 
whirl  was  not  fo  fwift  but  that  a  man  on  foot 
might  have  kept  pace  with  it,  but  the  circular  mo¬ 
tion  was  amazingly  rapid.  By  the  leaves  it  was  now 
filled  with,  I  could  plainly  perceive  that  the  current 
of  air  they  were  driven  by,  moved  upwards  in  a 
fpiral  line;  and  when  I  faw  the  palling  whirl  con¬ 
tinue  entire,  after  leaving  the  trunks  and  bodies  of 
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large  trees  which  it  had  enveloped,  I  no  longer  wo n* 
dered  that  my  whip  had  no  effeft  on  it  in  its  fmaller 
ft  ate.  I  accompanied  it  about  three  quarters  of  a 
mile,  till  fome  limb's  of  dead  trees,  broken  off  by  the 
whirl,  flying  about,  and  falling  near  me,  made  me 
more  apprehenflve  of  danger ;  and  then  I  flopped, 
looking  at  the  top  of  it  as  it  went  on,  which  was 
vifible,  by  means  of  the  leaves  contained  in  it,  for  a 
very  great  height  above  the  trees.  Many  of  the  leaves, 
as  they  got  loofe  from  the  upper  and  wideft  part,  were 
flattered  in  the  wind ;  but  fo  great  was  their  height 
in  the  air,  that  they  appeared  no  bigger  than  flies. 
My  fon,  who  was,  by  this  time,  come  up  with  me, 
followed  the  whirlwind  till  it  left  the  woods,  and 
eroded  an  old  tobacco-field,  where,  finding  neither 
duft  nor  leaves  to  take  up,  it  gradually  became  invfl 
Able  below  as  it  went  away  over  that  field.  The 
courfe  of  the  general  wind  then  blowing  was  along 
with  us  as  we  travelled,  and  the  progreflive  motion  of 
the  whirlwind  was  in  a  direction  nearly  oppofite,  tho* 
it  did  not  keep  a  ftrait  line,  nor  was  its  progreflive 
motion  uniform,  it  making  little  fallies  on  either  hand 
as  it  went,  proceeding  fometimes  fafter,  and  fometimes 
flower,  and  feeming  fometimes  for  a  few  feconds  almoft 
ftationary,  then  ftarting  forwards  pretty  faft  again. 
When  we  rejoined  the  company,  they  were  admiring 
the  vaft  height  of  the  leaves,  now  brought  by  the 
common  wind,  over  our  heads.  Thefe  leaves  accom¬ 
panied  us  as  we  travelled,  fome  falling  now  and  then 
round  about  us,  and  fome  not  reaching  the  ground 

till 
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till  we  had  gone  near  three  miles  from  the  place  where 
we  firft  faw  the  whirlwind  begin.  Upon  my  afking 
Col.  Tajk  er  if  fuch  whirlwinds  were  common  in  Mary- 
land,  he  anfwered  pleafantly,  No,  not  at  all  common ; 
but  we  got  this  on  purpofe  to  treat  Mr.  Franklin.  And  □> 
very  high  treat  it  was,  to 

Dear  Sir , 

Tour  affectionate  friend , 

And  humble  fervant , 

B.  F.. 


LETTER  XXX. 

T  O 

John  Pringle,  M.  D.  and  F.  R.  S. 

SIR ,  Craven  fir  eet ,  Dec.  21,  1757. 

IN  compliance  with  your  requeft,  I  fend  you  the 
following  account  of  what  I  can  at  prefent  recol¬ 
lect  relating  to  the  effects  of  electricity  in  paralytic 
cafes,  which  have  fallen  under  my  obfervation. 

Some  years  fince,  when  the  news-papers  made  men¬ 
tion  of  great  cures  performed  in  Italy  and  Germany ,  by 
means  of  electricity,  a  number  of  paralytics  were 
brought  to  me  from  different  parts  of  Pe?ifylvania,  and 
the  neighbouring  provinces,  to  be  eleCtrifed,  which  I 

did 
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did  for  them  at  their  requeft.  My  method  was,  to 
place  the  patient  fir  ft  in  a  chair,  on  an  eleftric  ftool, 
and  draw  a  number  of  large  ftrong  fparks  from  ail 
parts  of  the  affefted  limb  or  fide.  Then  I  fully  charged 
two  fix-gallon  glafs  jars,  each  of  which  had  about 
three  fquare  feet  of  furface  coated  ;  and  I  fent  the 
united  fliock  of  thefe  through  the  affe&ed  limb  or 
limbs,  repeating  the  ftroke  commonly  three  times  each 
day.  The  firft  thing  obferved,  was  an  immediate 
greater  fenfible  warmth  in  the  lame  limbs  that  had  re¬ 
ceived  the  ftroke,  than  in  the  others  3  and  the  next 
morning  the  patients  ufually  related,  that  they  had  in 
the  night  felt  a  pricking  fenfation  in  the  flefh  of  the 
paralytic  limbs  $  and  would  fometimes  ftiew  a  number 
of  fmall  red  fpots,  which  they  fuppofed  were  occa- 
honed  by  thofe  prickings.  The  limbs,  too,  were  found 
more  capable  of  voluntary  motion,  and  feemed  to  re¬ 
ceive  ftrength.  A  man,  for  inftance,  who  could  not 
the  firft  day  lift  the  lame  hand  from  off  his  knee, 
would  the  next  day  raife  it  four  or  five  inches,  the 
third  day  higher ;  and  on  the  fifth  day  was  able,  but 
with  a  feeble  languid  motion,  to  take  off  his  hat* 
Thefe  appearances  gave  great  fpirits  to  the  patients,  and 
made  them  hope  a  perfect  cure ;  but  I  do  not  remem¬ 
ber  that  I  ever  faw  any  amendment  after  the  fifth 
day  3  which  the  patients  perceiving,  and  finding  the 
fhocks  pretty  fevere,  they  became  difcouraged,  went 
home,  and  in  a  fhort  time  relapfed;  fo  that  I  never 
knew  any  advantage  from  ele&ricity  in  palfies  that 
was  permanent.  And  how  far  the  apparent  tempo¬ 
rary 


fary  advantage  might  arife  from  the  exercife  in  the 
patients  journey,  and  coming  daily  to  my  houfe,  or 
from  the  fpirits  given  by  the  hope  of  fuccefs,  enabling 
them  to  exert  more  ftrength  in  moving  their  limbs,  I 
will  not  pretend  to  fay. 

Perhaps  fome  permanent  advantage  might  have  been 
obtained,  if  the  eledtric  fhocks  had  been  accompanied 
with  proper  medicine  and  regimen,  under  the  direc¬ 
tion  of  a  Ikilful  phyfician.  It  may  be,  too,  that  a 
few  great  ftrokes,  as  given  in  my  method,  may  not 
be  fo  proper  as  many  fmall  ones ;  fince,  by  the  account 
from  Scotland ,  of  a  cafe,  in  which  two  hundred  fhocks 
from  a  phial  were  given  daily,  it  feems,  that  a  perfect 
cure  has  been  made*  As  to  any  uncommon  ftrength 
fuppofed  to  be  in  the  machine  ufed  in  that  cafe,  I 
imagine  it  could  have  no  fhare  in  the  effedt  produced ; 
fince  the  ftrength  of  the  fhock  from  charged  glafs,  is 
in  proportion  to  the  quantity  of  furface  of  the  glafs 
coated  ;  fo  that  my  fhocks  from  thofe  large  jars,  muft 
have  been  much  greater  than  any  that  could  be  re¬ 
ceived  from  a  phial  held  in  the  hand. 

I  am,  with  great  refpeB , 

SIR, 

Tour  moft  obedie?it  Ser*udftt> 

B.  F. 
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To  the  fame. 


S  I  Ry  Craven-Jlreet,  Jan.  6,  1758, 

Return  to  Mr.  Mitchell's  paper  on  the  ftrata  of  the 
earth  *  with  thanks.  The  reading  of  it,  and  pe- 
rufal  of  the  draft  that  accompanies  it,  have  reconciled 
me  to  thofe  convulfions  which  all  naturalifts  agree  this 
globe  has  fuffered.  Had  the  different  ftrata  of  clay, 
gravel,  marble,  coals,  lime-ftone,  fand,  minerals,  &c. 
continued  to  lie  level,  one  under  the  other,  as  they 
may  be  fuppofed  to  have  done  before  thofe  convulfions, 
we  fhould  have  had  the  ufe  only  of  a  few  of  the  up¬ 
per  mo  ft  of  the  ftrata,  the  others  lying  too  deep  and 
too  difficult  to  be  come  at;  but  the  fhell  of  the  earth 
being  broke,  and  the  fragments  thrown  into  this 
oblique  pofition,  the  disjointed  ends  of  a  great  num¬ 
ber  of  ftrata  of  different  kinds  are  brought  up  to  day, 
and  a  great  variety  of  ufeful  materials  put  into  our 
power,  which  would  otherwife  have  remained  eternally 
concealed  from  us.  So  that  what  has  been  ufually 
looked  upon  as  a  ruin  fuffered  by  this  part  of  the  uni- 
verfe,  was,  in  reality,  only  a  preparation,  or  means 
of  rendering  the  earth  more  fit  for  ufe,  more  capable 
of  being  to  mankind  a  convenient  and  comfortable 
habitation. 

I  am,  Sir ,  with  great  ejleem,  yours,  &c.  B.  F» 


% 
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LETTER  XXXII. 

i 

To  Dr.  L.  of  Charles-cTown ,  South-Carolina • 

Dear  Sir,  London,  June  17,  1758. 

IN  a  former  letter  I  mentioned  the  experiment  for 
cooling  bodies  by  evaporation,  and  that  I  had,  by 
repeatedly  wetting  the  thermometer  with  common 
fpirits,  brought  the  mercury  down  five  or  fix  degrees. 
Being  lately  at  Cambridge ,  and  mentioning  this  in  con- 
verfation  with  Dr.  Hadley ,  profeffor  of  chemiftry  there, 
he  propofed  repeating  the  experiments  with  ether  in- 
ftead  of  common  fpirits,  as  the  ether  is  much  quicker 
in  evaporation.  We  accordingly  went  to  his  chamber, 
where  he  had  both  ether  and  a  thermometer.  By  dip¬ 
ping  firft  the  ball  of  the  thermometer  into  the  ether, 
it  appeared  that  the  ether  was  precifely  of  the  fame 
temperament  with  the  thermometer,  which  flood  then 
at  65;  for  it  made  no  alteration  in  the  height  of  the 
little  column  of  mercury.  But  when  the  thermometer 
was  taken  out  of  the  ether,  and  the  ether  with  which 
the  ball  was  wet,  began  to  evaporate,  the  mercury 
funk  feveral  degrees.  The  wetting  was  then  repeated 
by  a  feather  that  had  been  dipped  into  the  ether,  when 
the  mercury  funk  ftill  lower.  We  continued  this  ope¬ 
ration,  one  of  us  wetting  the  ball,  and  another  of  the 
company  blowing  on  it  with  the  bellows,  to  quicken 
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the  evaporation,  the  mercury  finking  all  the  time,  till 
it  came  down  to  7,  which  is  25  degrees  below  the  freez¬ 
ing  point,  when  we  left  off.-— Soon  after  it  paffed  the 
freezing  point,  a  thin  coat  office  began  to  cover  the 
balk  Whether  this  was  water  collected  and  condenfed 

r 

by  the  coldnefs  of  the  ball,  from  the  moifture  in  the 
air,  or  from  our  breath;  or  whether  the  feather,  when 
dipped  into  the  ether,  might  not  fometimes  go  thro* 
it,  and  bring  up  fome  of  the  water  that  was  under  it, 
I  am  not  certain ;  perhaps  all  might  contribute.  The 
ice  continued  increafing  till  we  ended  the  experiment, 
when  it  appeared  near  a  quarter  of  an  inch  thick  all 
over  the  ball,  with  a  number  of  fmall  fpicula,  point¬ 
ing  outwards.  From  this  experiment  one  may  fee  the 
poffibility  of  freezing  a  man  to  death  on  a  warm  ham¬ 
mer’ s  day,  if  he  were  to  (land  in  a  paffage  through 
which  the  wind  blew  brifkly,  and  to  be  wet  frequently 
with  ether,  a  fpirit  that  is  more  inflammable  than* 
brandy,  or  common  fpirits  of  wine. 

It  is  but  within  thefe  few  years,  that  the  European * 
philofophers  feem  to  have  known  this  power  in  na¬ 
ture,  of  cooling  bodies  by  evaporation,  But  in  the 
eaft  they  have  long  been  acquainted  with  it.  A  friend 
tells  me,  there  is  a  paffage  in  Berniers  travels  through 
Indojian ,  written  near  one  hundred  years  ago,  that 
mentions  it  as  a  practice  (in  travelling  over  dry  defarts 
in  that  hot  climate)  to  carry  water  in  flalks  wrapt  in 
wet  woollen  cloths,  and  hung  on  the  fhady  fide  of 
the  camel,  or  carriage,  but  in  the  free  air  ;  whereby, 
as  the  cloths  gradually  grow  dryer,  the  water  con¬ 
tained 
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tained  in  the  flafks  is  made  cool.  They  have  likewife 
a  kind  of  earthen  pots,  unglazed,  which  let  the  water 
gradually  and  llowly  ooze  through  their  pores,  fo  as 
to  keep  the  outlide  a  little  wet,  notwithftanding  the 
continual  evaporation,  which  gives  great  coldnefs  to 
the  veflel,  and  the  water  contained  in  it.  Even  our 
common  failors  feem  to  have  had  fome  notion  of  this 
property;  for  I  remember,  that  being  at  fea  when  I 
was  a  youth,  I  obferved  one  of  the  failors,  during  a 
calm  in  the  night,  often  wetting  his  finger  in  his 
mouth,  and  then  holding  it  up  in  the  air,  to  difcover, 
as  he  laid,  if  the  air  had  any  motion,  and  from  which 
fide  it  came ;  and  this  he  expected  to  do,  by  finding 
one  fide  of  his  finger  grow  fuddenly  cold,  and  from 
that  fide  he  fhould  look  for  the  next  wind ;  which  I 
then  laughed  at  as  a  fancy- 

May  not  feveral  phenomena,  hitherto  unconfidered,. 
or  unaccounted  for,  be  explained  by  this  property  ? 
During  the  hot  Sunday  at  Philadelphia ,  in  June  1 750, 
when  the  thermometer  was  up  at  100  in  the  fhade,  I 
fat  in  my  chamber  without  exercife,  only  reading  or 
writing,  with  no  other  cloaths  on  than  a  fhirt,  and  a 
pair  of  long  linen  drawers,  the  windows  all  open,  and 
a  brifk  wind  blowing  through  the  houfe  ;  the  fweat 
ran  off  the  backs  of  my  hands,  and  my  fhirt  was  often 
fo  wet,  as  to  induce  me  to  call  for  dry  ones  to  put 
on  ;  in  this  fituation,  one  might  have  expected,  that 
the  natural  heat  of  the  body  96,  added  to  the  heat  of 
the  air  100,  fhould  jointly  have  created  or  produced  a 
much  greater  degree  of  heat  in  the  body ;  but  the  fact 
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was,  that  my  body  never  grew  fo  hot  as  the  air  that 
lurrounded  it,  or  the  inanimate  bodies  immerfed  in  the 
fame  air.  For  I  remember  well,  that  the  defk,  when 
I  laid  my  arm  upon  it  j  a  chair,  when  I  fat  down  in 
it ;  and  a  dry  fliirt  out  of  the  drawer,  when  I  put  it 
on,  all  felt  exceeding  warm  to  me,  as  if  they  had 
been  warmed  before  a  fire.  And  I  fuppofe  a  dead 
body  would  have  acquired  the  temperature  of  the  air, 
though  a  living  one,  by  continual  fweating,  and  by 
the  evaporation  of  that  fweat,  was  kept  cold. — May 
not  this  be  a  reafon  why  our  reapers  in  Penfyhania , 
working  in  the  open  field,  in  the  clear  hot  fun-fhine, 
common  in  our  harveft-time  find  themlelves  well 
able  to  go  through  that  labour,  without  being  much 
incommoded  by  the  heat,  while  they  continue  to  fweat, 
and  while  they  lupply  matter  for  keeping  up  that 
fweat,  by  drinking  frequently  of  a  thin  evaporable 
liquor,  water  mixed  with  rum  $  but  if  the  fweat  flops 
they  drop,  and  fometimes  die  fuddenly,  if  a  fweating 
is  not  again  brought  on  by  drinking  that  liquor,  or, 
as  fome  rather  chufe  in  that  cafe,  a  kind  of  hot  punch 
made  with  v/ater,  mixed  with  honey,  and  a  confider- 
able  portion  of  vinegar  ?— -May  there  not  be  in  ne^ 
groes  a  quicker  evaporation  of  the  perfpirable  matter 
from  their  fldns  and  lungs,  which,  by  cooling  them 
more,  enables  them  to  bear  the  fun’s  heat  better  than 
whites  do  ?  (if  that  is  a  fa<fl,  as  it  is  faid  to  be  $  for 

*  Penfylvmia  is  about  lat.  40,  and  the  fun,  of  courfe,  about  12  degrees 
higher,  and  therefore  much  hotter  than  in  England.  Their  harveft  is  about 
the  end  of  June  or  beginning  of  July ,  when  the  fun  is  nearly  at  the  higheft. 
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the  alledged  neceffity  of  having  negroes  rather  than 
whites,  to  work  in  the  JVejl- India  fields,  is  founded 
upon  it)  though  the  colour  of  their  fkins  would 
otherwife  make  them  more  fenfible  of  the  fun’s  heat, 
fince  black  cloth  heats  much  fooner,  and  more,  in  the 
fun,  than  white  cloth.  I  am  perfuaded,  from  feveral 
inftances  happening  within  my  knowledge,  that  they 
do  not  bear  cold  weather  fo  well  as  the  whites ;  they 
will  perifh  when  expofed  to  a  lefs  degree  of  it,  and  are 
more  apt  to  have  their  limbs  froft-bitten  j  and  may 
not  this  be  from  the  fame  caufe?  Would  not  the  earth 
grow  much  hotter  under  the  fummer  fun,  if  a  con-- 
ftant  evaporation  from  its  furface,  greater  as  the  fun 
fhines  ftronger,  did  not,  by  tending  to  cool  it,  balance,, 
in  lome  degree,  the  warmer  effects  of  the  fun’s  rays  ? 
— Is  it  not  owing  to  the  conftant  evaporation  from  the 
furface  of  every  leaf,  that  trees,  though  fhone  on  by 
the  fun,  are  always,  even  the  leaves  themfelves,  cool 
to  our  fenfe  ?,  at  lead  much  cooler  than  they  would 
otherwife  be? — May  it  not  be  owing  to  this,  that  fan¬ 
ning  ourfelves  when  warm,  does  really  cool  us,  though 
the  air  is  itfelf  warm  that  we  drive  with  the  fan  upon 
our  faces  ;  for  the  atmofphere  round,  and  next  to  our 
bodies,  having  imbibed  as  much  of  the  perfpired  va¬ 
pour  as  it  can  well  contain,  receives  no  more,  and  the 
evaporation  is  therefore  checked  and  retarded,  till  we 
drive  away  that  atmofphere,  and  bring  dryer  air  in  its 
place,  that  will  receive  the  vapour,  and  thereby  faci¬ 
litate  and  increafe  the  evaporation  ?  Certain  it  is,  that 
mere  blowing  of  air  on  a  dry  body  does  not  cool  it,  as 

any. 
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any  one  may  fatisfy  himfelf  by  blowing  with  a  bellows 

on  the  dry  ball  of  a  thermometer ;  the  mercury  will 

not  fall ;  if  it  moves  at  all,  it  rather  rifes,  as  being 

warmed  by  the  friftion  of  the  air  on  its  furface.  — 
*  ^ 

To  thefe  queries  of  imagination,  I  will  only  add  one 
practical  obfervation ;  that  wherever  it  is  thought  pro¬ 
per  to  give  eafe,  in  cafes  of  painful  inflammation  in 
the  flelh,  (as  from  burnings,  or  the  like)  by  cooling 
the  part ;  linen  cloths,  wet  with  fpirit,  and  applied  to 
the  part  inflamed,  will  produce  the  coolnefs  required, 
better  than  if  wet  with  water,  and  will  continue  it 
longer.  For  water,  though  cold  when  firfb  applied, 
will  foon  acquire  warmth  from  the  flelh,  as  it  does 
not  evaporate  fafl:  enough ;  but  the  cloths  wet  with 
fpirit  will  continue  cold  as  long  as  any  fpirit  is  left  to 
keep  up  the  evaporation,  the  parts  warmed  efcaping 
as  foon  as  they  are  warmed,  and  carrying  off  the  heat 
with  them. 


Sir, 

s  * 
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LETTER  XXXIII- 


T  O 


Efq;  at  Bofton,  in  New-EnglancL 


London ,  Dec .  2,  1758. 


Dear  Sir , 


I  HAVE  executed  here  an  eafy  fimple  contrivance, 
that  I  have  long  fince  had  in  {peculation,  for  keep¬ 
ing  rooms  warmer  in  cold  weather  than  they  generally 
are,  and  with  lefs  fire.  It  is  this.  The  opening  of 
the  chimney  is  contracted,  by  brick-work  faced  with 
marble  flabs,  to  about  two  feet  between  the  jambs, 
and  the  bread:  brought  down  to  within  about  three 
feet  of  the  hearth.— An  iron  frame  is  placed  juft 
under  the  breaft,  and  extending  quite  to  the  back  of 
the  chimney,  fo  that  a  plate  of  the  fame  metal  may 
Aide  horizontally  backwards  and  forwards  in  the 
grooves  on  each  fide  of  the  frame.  This  plate  is  juft 
fo  large  as  to  fill  the  whole  fpace,  and  fhut  the  chim¬ 
ney  entirely  when  thruft  quite  in,  which  is  convenient 
when  there  is  no  fire.  Drawing  it  out  fo  as  to  leave 
a  fpace  between  its  farther  edge  and  the  back,  of 
about  two  inches,  this  fpace  is  fufficient  for  the 
fmoke  to  pafs  ;  and  fo  large  a  part  of  the  funnel  being 
ftopt  by  the  reft  of  the  plate,  the  paffage  of  warm  air 
out  of  the  room  up  the  chimney,  is  obftruCted  and  re- 
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tarded,  and  by  that  means  much  cold  air  is  prevented 
from  coming  in  through  crevices,  to  fupply  its  place. 
This  effect  is  made  manifeft  three  ways.  Firft,  when 
the  fire  burns  brifldy  in. cold  weather,  the  howling  or 
whiffling  noife  made  by  the  wind,  as  it  enters  the 
room  through  the  crevices,  when  the  chimney  is  open 
as  ufual,  ceafes  as  foon  as  the  plate  is  flid  in  to  its 
proper  diliance.  Secondly,  opening  the  door  of  the 
room  about  half  an  inch,  and  holding  your  hand 
againft  the  opening,  near  the  top  of  the  door,  you 
feel  the  cold  air  coming  in  againft  your  hand,  but 
weakly,  if  the  plate  be  in.  Let  another  perfon  fud- 
denly  draw  it  out,  fo  as  to  let  the  air  of  the  room  go 
up  the  chimney,  with  its  ufual  freedom  whdfe  chim¬ 
neys  are  open,  and  you  immediately  feel  the  cold  air 
rufhing  in  ftrongly.  Thirdly,  if  fomething  be  fet 
againft  the  door,  juft  fufficient,  when  the  plate  is  in, 
to  keep  the  door  nearly  fhut,  by  refilling  the  preffure 
of  the  air  that  would  force  it  open:  Then,  when  the 
plate  is  drawn  out,  the  door  will  be  forced  open  by 
the  encreafed  preffure  of  the  outward  cold  air,  endea¬ 
vouring  to  get  in  to  fupply  the  place  of  the  warm 
air,  that  now  paffes  out  of  the  room  to  go  up  the 
chimney.  In  our  common  open  chimneys,  half  the 
fuel  is,  wafted,  and  its  effeft  loft,  the  air  it  has  warmed 
being  immediately  drawn  off.  Several  of  my  acquaint¬ 
ance  having  feen  this  Ample  machine  in  my  room, 
have  imitated  it  at  their  own  houfes,  and  it  feems 
likely  to  become  pretty  common.  I  defcribe  it  thus 
particularly  to  you,  becaufe  I  think  it  would  be  ufeful 
in  Bofton ,  where  firing  is  often  dear. 

Mentioning 
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Mentioning  chimneys,  puts  me  in  mind  of  a  pro¬ 
perty  I  formerly  had  occafion  to  obferve  in  them, 
which  I  have  not  found  taken  notice  of  by  others  ;  it 
is,  that  in  the  fummer  time,  when  no  fire  is  made  in 
the  chimneys,  there  is,  neverthelefs,  a  regular  draft  of 
air  through  them ;  continually  palling  upwards,  from 
about  five  or  fix  o’clock  in  the  afternoon,  till  eight  or 
nine  o’clock  the  next  morning,  when  the  current  be¬ 
gins  to  flacken  and  hefitate  a  little,  for  about  half  an 
hour,  and  then  fets  as  ftrongly  down  again,  which  it 
continues  to  do  till  towards  five  in  the  afternoon,  then 
flackens  and  hefitates  as  before,  going  fometimes  a 
little  up,  and  then  a  little  down,  till  in  about  half  an 
hour  it  gets  into  a  Heady  upward  current  for  the 
night,  which  continues  till  eight  or  nine  the  next  day; 
the  hours  varying  a  little  as  the  days  lengthen  and 
fhorten,  and  fometimes  varying  from  fudden  changes 
in  the  weather  ;  as  if,  after  being  long  warm,  it 
fhould  begin  to  grow  cool  about  noon,  while  the  air 
was  coming  down  the  chimney,  the  current  will  then 
change  earlier  than  the  ufual  hour,  &c. 

This  property  in  chimneys  I  imagine  we  might  turn 
to  fome  account,  and  render  improper,  for  the  future, 
the  old  faying,  as  ufelefs  as  a  chimney  in  fummer .  If  the 
opening  of  the  chimney,  from  the  breaft  down  to  the 
hearth,  be  clofed  by  a  flight  moveable  frame,  or  two 
in  the  manner  of  doors,  covered  with  canvas,  that  will 
let  the  air  through,  but  keep  out  the  flies;  and  ano¬ 
ther  little  frame  fet  within  upon  the  hearth,  with 
hooks  on  which  to  hang  joints  of  meat,  fowls,  See. 
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wrapt  well  in  wet  linen  cloths,  three  or  four  fold,  I 
am  confident  that  if  the  linen  is  kept  wet,  by  fprink- 
ling  it  once  a  day,  the  meat  would  be  fo  cooled  by 
the  evaporation,  carried  on  continually  by  means  of 
the  palling  air,  that  it  would  keep  a  week  or  more 
in  the  hotted:  weather.  Butter  and  milk  might  like- 
wife  be  kept  cool,  in  veffels  or  bottles  covered  with 
wet  cloths.  A  fhallow  tray,  or  keeler,  fhould  be  un¬ 
der  the  frame  to  receive  any  water  that  might  drop 
from  the  wetted  cloths.  I  think,  too,  that  this  pro¬ 
perty  of  chimneys  might,  by  means  of  fmoke-jack 
vanes,  be  applied  to  feme  mechanical  purpofes,  where 
a  fmall  but  pretty  conftant  power  only  is  wanted. 

If  you  would  have  my  opinion  of  the  caufe  of  this 
changing  current  of  air  in  chimneys,  it  is,  in  fhort, 
as  follows.  In  fummer  time  there  is  generally  a  great 
difference  in  the  warmth  of  the  air  at  mid-day  and 
midnight,  and,  of  courfe,  a  difference  of  fpecific  gra¬ 
vity  in  the  air,  as  the  more  it  is  warmed  the  more  it 
is  rarefied.  The  funnel  of  a  chimney  being  for  the 
moft  part  furrounded  by  the  houfe,  is  protected,  in  a 
great  meafure,  from  the  direct  action  of  the  fun’s 
rays,  and  alfo  from  the  coldnefs  of  the  night  air.  It 
thence  preferves  a  middle  temperature  between  the  heat 
of  the  day,  and  the  coldnefs  of  the  night.  This  mid¬ 
dle  temperature  it  communicates  to  the  air  contained 
in  it.  If  the  Hate  of  the  outward  air  be  cooler  than, 
that  in  the  funnel  of  the  chimney,  it  will,  by  being 
heavier,  force  it  to  rife  and  go  out  at  the  top.  What 
fupplies  its  place  from  below,  being  warmed,  in  its 

turn, 


On  Philosophical  SubjeEis .  381 

turn,  by  the  warmer  funnel,  is  likewife  forced  up  by 
the  colder  and  weightier  air  below,  and  fo  the  current 
is  continued  till  the  next  day,  when  the  fun  gradually 
changes  the  ftate  of  the  outward  air,  makes  it  firft  as 
warm  as  the  funnel  of  the  chimney  can  make  it,  (when 
the  current  begins  to  hefitate)  and  afterwards  warmer. 
Then  the  funnel  being  cooler  than  the  air  that  comes 
into  it,  cools  that  air,  makes  it  heavier  than  the  out¬ 
ward  air  ;  of  courfe  it  defeends  3  and  what  lucceeds  it 
from  above,  being  cooled  in  its  turn,  the  defeending 
current  continues  till  towards  evening,  when  it  again 
hefitates  anti  changes  its  courfe,  from  the  change  of 
warmth  in  the  outward  air,  and  the  nearly  remaining 
fame  middle  temperature  in  the  funnel. 

Upon  this  principle,  if  a  houfe  were  built  behind 
Beaconhill ,  an  adit  carried  from  one  of  the  doors  into 
the  hill  horizontally,  till  it  met  with  a  perpendicular 
fhaft  funk  from  its  top,  it  feems  probable  to  me,  that 
thofe  who  lived  in  the  houfe,  would  conftantly,  in  the 
heat  even  of  the  calmeft  day,  have  as  much  cool  air 
pairing  through  the  houfe,  as  they  fhould  chufe  ;  and 
the  fame,  though  reverfed  in  its  current,  during  the 
ftilleft  night. 

I  think,  too,  this  property  might  be  made  of  ufe  to 
miners;  as  where  feverai  fhafts  or  pits  are  funk  per¬ 
pendicularly  into  the  earth,  communicating  at  bottom 
by  horizontal  paffages,  which  is  a  common  cafe,  if  a 
chimney  of  thirty  or  forty  feet  high  were  built  over 
one  of  the  fhafts,  or  fo  near  the  fhaft,  that  the  chim¬ 
ney  might  communicate  with  the  top  of  the  fhaft,  all 
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air  being  excluded  but  what  fhould  pafs  up  or  down 
by  the  fhaft,  a  conftant  change  of  air  would,  by  this 
means,  be  produced  in  the  paffages  below,  tending  to 
fecure  the  workmen  from  thofe  damps  which  fo  fre¬ 
quently  incommode  them.  For  the  frefh  air  would  be 
almoft  always  going  down  the  open  fhaft,  to  go  up 
the  chimney,  or  down  the  chimney  to  go  up  the  fhaft. 
Let  me  add  one  obfervation  more,  which  is,  That  if 
that  part  of  the  funnel  of  a  chimney,  which  appears 
above  the  roof  of  a  houfe,  be  pretty  long,  and  have 
three  of  its  hides  expofed  to  the  heat  of  the  fun  fuc- 
ceffively,  viz.  when  he  is  in  the  eaft,  in  the  fouth, 
and  in  the  weft ;  while  the  north  fide  is  ftieltered  by 
the  building  from  the  cool  northerly  winds.  Such  a 
chimney  will  often  be  fo  heated  by  the  fun,  as  to  con¬ 
tinue  the  draft  ftrongly  upwards,  through  the  whole 
twenty-four  hours,  and  often  for  many  days  together. 
If  the  outfide  of  fuch  a  chimney  be  painted  black,  the 
effect  will  be  ftill  greater,  and  the  current  ftronger. 

I  am,  dear  Sir ,  yours y  &c«  B.  F« 
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LETTER  XXXIV. 

To  Dr.  H.  at  London. 

% 

SIR ,  Cravcn-Jlreet ,  June  7,  1759. 

I  NOW  return  the  fmalleft  of  your  two  Tourmalins, 
with  hearty  thanks  for  your  kind  prefent  of  the 
other,  which,  though  I  value  highly  for  its  rare  and 
wonderful  properties,  I  fhall  ever  efteem  it  more  for 
the  friendfhip  I  am  honoured  with  by  the  giver. 

I  hear  that  the  negative  eleftricity  of  one  fide  of  the 
Tourmalin ,  when  heated,  is  abfolutely  denied,  (and  all 
that  has  been  related  of  it,  afcribed  to  prejudice  in  fa¬ 
vour  of  a  fyftem)  by  fome  ingenious  gentlemen  abroad, 
who  profefs  to  have  made  the  experiments  on  the  ftone 
with  care  and  exa&nefs.  The  experiments  have  fuc- 
ceeded  differently  with  me ;  yet  I  would  not  call  the 
accuracy  of  thofe  gentlemen  in  queftion.  Poffibly  the 
Tourmalins  they  have  tried  were  not  properly  cut  5  fo 
that  the  pofitive  and  negative  powers  were  obliquely 
placed,  or  in  fome  manner  whereby  their  effects  were 
confufed,  or  the  negative  part  more  eafily  fupplied  by 
the  pofitive.  Perhaps  the  lapidaries  who  have  hitherto 
cut  thefe  ftones,  had  no  regard  to  the  fituation  of  the 
two  powers,  but  chofe  to  make  the  faces  of  the  ftone 
where  they  could  obtain  the  greateft  breadth,  or  fome 
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other  advantage  in  the  form.  If  any  of  thefe  ftones* 
in  their  natural  ftate,  can  be  procured  here,  I  think  it 
would  be  right  to  endeavour  finding,  before  they  are 
cut,  the  two  fides  that  contain  the  oppofite  powers, 
and  make  the  faces  there.  Poffibly,  in  that  cafe,  the 
effefts  might  be  ftronger,  and  more  diftinft  ;  for 
though  both  thefe  {tones  that  I  have  examined  have 
evidently  the  two  properties,  yet,  without  the  full 
heat  given  by  boiling  water,  they  are  fomewhat  con¬ 
futed  ;  the  virtue  feems  ftrongeft  towards  one  end  of 
the  face;  and  in  the  middle,  or  near  the  other  end, 
fcarce  difcernible;  and  the  negative,  I  think,  always 
weaker  than  the  pofitive. 

I  have  had  the  large  one  new  cut,  fo  as  to  make 
both  fides  alike,  and  find  the  change  of  form  has 
made  no  change  of  power,  but  the  properties  of  each 
fide  remain  the  fame  as  I  found  them  before.  It  is 
now  fet  in  a  ring  in  fuch  a  manner  as  to  turn  on  an 
axis,  that  I  may  conveniently,  in  making  experiments, 
come  at  both  fides  of  the  ftone,  The  little  rim  of 
gold  it  is  fet  in,  has  made  no  alteration  in  its  effedts. 
The  warmth  of  my  finger,  when  I  wear  it,  is  fuffi-^ 
cient  to  give  it  feme  degree  of  eleftricity,  fo  that  it  is 
always  ready  to  attraft  light  bodies. 

The  following  experiments  have  fatisfied  me  that 
M.  JEpinuss  account  of  the  pofitive  and  negative  ftates 
of  the  oppofite  fides  of  the  heated  Tourmalin,  is  well 
founded. 

I  heated  the  large  ftone  in  boiling  water. 

As  foon  as  it  was  dry,  I  brought  it  near  a  very 
fmall  cork  ball,  that  was  fufpended  by  a  filk  thread. 

Th^ 
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The  ball  was  attracted  by  one  face  of  the  ftone, 
which  I  call  A,  and  then  repelled. 

The  ball  in  that  ftate  was  alfo  repelled  by  the  po- 
fitively  charged  wire  of  a  phial,  and  attracted  by  the 
other  fide  of  the  ftone,  B. 

The  ftone  being  a-frefh  heated,  and  the  fide  B 
brought  near  the  ball,  it  was  at  firft  attracted,  and 
prefently  after  repelled  by  that  fide. 

In  this  fecond  ftate  it  was  repelled  by  the  negatively 
charged  wire  of  a  phial. 

Therefore,  if  the  principles  now  generally  received, 
relating  to  pofitive  and  negative  electricity,  are  true, 
the  fide  A  of  the  large  ftone,  when  the  ftone  is  heated 
in  water,  is  in  a  pofitive  ftate  of  electricity  ;  and  the 
fide  B,  in  a  negative  ftate. 

The  fame  experiments  being  made  with  the  fmall 
ftone  ftuck  by  one  edge  on  the  end  of  a  fmall  glafs 
tube,  with  fealing-wax,  the  fame  effeCts  are  produced. 
The  flat  fide  of  the  fmall  ftone  gives  the  figns  of  po¬ 
fitive  eleCtricity ;  the  high  fide  gives  the  figns  of  nega¬ 
tive  eleCtricity. 

Again  ; 

I  fufpended  the  fmall  ftone  by  a  filk  thread. 

I  heated  it  as  it  hung,  in  boiling  water. 

I  heated  the  large  one  in  boiling  water. 

Then  I  brought  the  large  ftone  near  to  the  fufpended 
fmall  one. 

Which  immediately  turned  its  flat  fide  to  the  fide  B 
of  the  large  ftone,  and  would  cling  to  it. 

I  turned  the  ring,  fo  as  to  prefent  the  fide  A  of  the 
large  ftone,  to  the  flat  fide  of  the  fmall  one. 
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Tile  flat  fide  was  repelled,  and  the:  fmall  Hone,  turn¬ 
ing  quick,  applied  its  high  fide  td  the  fide  A  of  the 

large  one.  < 

This  was  precifely  what  ought  to  happen,  on  the 
fuppofition  that  the  flat  fide  of  the  fmall  one,  when 
heated  in  water,  is  pofitive,  and  the  high  fide  negative  j 
the  fide  A  of  the  large  done  pofitive,  and  the  fide  B 
negative.  '  \ 

The  effedt  was  apparently  the  fame  as  would  have 
been  produced,  if  one  magnet  had  been  fufpended  by 
a  thread,  and  the  different  poles  of  another  brought 
alternately  near  it. 

I  find  that  the  face  A,  of  the  large  (tone,  being 
coated  with  leaf-gold,  (attached  by  the  white  of  an. 
egg,  which  will  bear  dipping  in  hot  water)  becomes 
quicker  and  ftronger  in  its  effedt  on  the  cork-ball,  re¬ 
pelling  it  the  inftant  it  comes  in  contact ;  which  I 
fuppofe  to  be  occafioned  by  the  united  force  of  dif¬ 
ferent  parts  of  the  face,  collected  and  acting  together 
through  the  metal. 


I  am >  &c\  B.  F. 
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To  Mr.  P.  F.  in  Newport. 


SIR,  >  London,  May  n,  1760. 

t»  o  •«  v 

*  *  *  *  *  #  jt  has,  indeed,  as  you  obferve,  been  the 
opinion  of  fome  very  great  naturalifts,  that  the  fea  is 
fait  only  from  the  diffolution  of  mineral  or  rock  fait, 
which  its  waters  happened  to  meet  with.  But  this 
opinion  takes  it  for  granted  that  all  water  was  ori¬ 
ginally  frefh,  of  which  we  can  have  no  proof.  I  own 
I  am  inclined  to  a  different  opinion,  and  rather  think 
all  the  water  on  this  globe  was  originally  fait,  and  that 
the  frefh  water  we  find  in  fprings  and  rivers,  is  the 
produce  of  diftillation.  The  fun  raifes  the  vapours 
from  the  fea,  which  form  clouds,  and  fall  in  rain 
upon  the  land,  and  fprings  ana  rivers  are  formed  of 
that  rain.  — As  to  the  rock-falt  found  in  mines,  I 
conceive,  that  inftead  of  communicating  its  faltnefs  to 
the  fea,  it  is  itfelf  drawn  from  the  fea,  and  that  of 
courfe  the  fea  is  now  frefher  than  it  was  originally. 
This  is  only  another  effect  of  nature’s  diftillery,  and 
might  be  performed  various  ways. 

It  is  evident  from  the  quantities  of  fea-fhells,  and 
the  bones  and  teeth  of  fifhes  found  in  high  lands,  that 
the  fea  has  formerly  covered  them.  Then,  either  the 
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fea  has  been  higher  than  it  now  is,  and  has  fallen 
away  from  thofe  high  lands ;  or  they  have  been  lower 
than  they  are,  and  were  lifted  up„.  out  of  the  water  to 
their  prefent  height,  by  fome  internal  mighty  force, 
fuch  as  we  ftill  feel  fome  remains  of,  when  whole 
continents  are  moved  by  earthquakes.  In  either  cafe 
it  may  be  fuppofed  that  large  hollows,  or  valleys 
among  hills,  might  be  left  filled  with  fea-water,  which 
evaporating,  and  the  fluid  part  drying  away  in  a  courfe 
of  years,  would  leave  the  fait  covering  the  bottom  ; 
and  that  fait  coming  afterwards  to  be  covered  with 
earth,  from  the  neighbouring  hills,  could  only  be 
found  by  digging  through  that  earth.  Or,  as  we  know 
from  their  effedls,  that  there  are  deep  fiery  caverns 
under  the  earth,  and  even  under  the  fea,  if  at  any 
time  the  fea  leaks  into  any  of  them,  the  fluid  parts  of 
the  water  mu  ft  evaporate  from  that  heat,  and  pafs  on 
through  fome  volcano,  while  the  fait  remains,  and  by 
degrees,  and  continual  accretion,  becomes  a  great  mais. 
Thus  the  cavern  may  at  length  be  filled,  and  the  vol¬ 
cano  connected  with  it  ceafe  burning,  as  many  it  is 
faid  have  done  5  and  future  miners  penetrating  fuch 
cavern,  find  what  we  call  a  fait  mine.  —  This  is  a 
fancy  I  had  on  vifiting  the  falt-mines  at  Northwicb , 
with  my  fon.  I  fend  you  a  piece  of  the  rock-fait  which 
he  brought  up  with  him  out  of  the  mine.  ****** 

I  am,  Sir,  &c.  B.  F. 
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LETTER  XXXVI. 


To  Mr.  Alexander  Small,  London . 


Dear  Sir , 


May  12,  ^760. 


Greeable  to  your  requeft,  I  fend  you  my  reafons 


L~\.  for  thinking  that  our  North-Eaft  ftorms  in 
North-America  begin  firft,  in  point  of  time,  in  the 
South-Weft  parts :  That  is  to  lay,  the  air  in  Georgia , 
the  fartheft  cf  our  colonies  to  the  South-Weft,  begins 
to  move  South-Wefterly  before  the  air  of  Carolina , 
which  is  the  next  colony  North-Eaftward  3  the  air  of 
Carolina  has  the  fame  motion  before  the  air  of  Virginia , 
which  lies  ftill  more  North-Eaftward*  and  fo  on 
North-Eafterly  through  Penfyhania ,  New-Vork ,  New- 
England,  &c.  quite  to  Newfoundland. 

Thefe  North-Eaft  ftorms  are  generally  very  violent, 
continue  fometimes  two  or  three  days,  and  often  do 
confiderable  damage  in  the  harbours  alone:  the  coaft. 

O  O 

They  are  attended  with  thick  clouds  and  rain. 

What  firft  gave  me  this  idea,  was  the  following  cir- 
cumftance.  About  twenty  years  ago,  a  few  more  or 
lefs,  I  cannot  from  my  memory  be  certain,  we  were 
to  have  an  eclipfe  of  the  moon  at  Philadelphia ,  on  a 
Friday  evening,  about  nine  o’clock.  I  intended  to  ob- 
ferve  it,  but  was  prevented  by  a  North-Eaft  ftorm, 
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which  came  on  about  feven,  with  thick  clouds  as 
ufual,  that  quite  obfcured  the  whole  hemifphere.  Yet 
when  the  poll  brought  us  the  Bofton  news-paper,  giving 
an  account  of  the  effefts  of  the  fame  ftorrn  in  thole 
parts,  I  found  the  beginning  of  the  eclipfe  had  been 
well  obferved  there,  though  Bofton  lies  N.  E.  of  Phila¬ 
delphia  about  400  miles.  This  puzzled  me,  becaufe 
the  ftorrn  began  with  us  fo  foon  as  to  prevent  any  ob- 
fervation,  and  being  a.N.  E.  ftorrn,  I  imagined  it 
muft  have  begun  rather  fooner  in  places  farther  to  the 
North-Eaftward  than  it  did  at  Philadelphia .  I  therefore 
mentioned  it  in  a  letter  to  my  brother,  who  lived  at 
Bofton  j  and  he  informed  me  the  ftorrn  did  not  begin 
with  them  till  near  eleven  o’clock,  fo  that  they  had  a 
good  obfervation  of  the  eclipfe :  And  upon  comparing 
all  the  other  accounts  I  received  from  the  feveral  co¬ 
lonies,  of  the  time  of  beginning  of  the  fame  ftorrn, 
and  fmee  that  of  other  ftorms  of  the  fame  kind,  I 
found  the  beginning  to  be  always  later  the  farther 
North-Eaftward.  I  have  not  my  notes  with  me  here 
in  England ,  and  cannot,  from  memory,  fay  the  pro¬ 
portion  of  time  to  diftance,  but  I  think  it  is  about  an 
hour  to  every  hundred  miles. 

From  thence  I  formed  an  idea  of  the  caufe  of  thefe 
ftorms,  which  I  would  explain  by  a  familiar  inftance 
or  two.— Suppofe  a  long  canal  of  water  flopped  at  the 
end  by  a  gate.  The  water  is  quite  at  reft  till  the  gate 
is  open,  then  it  begins  to  move  out  through  the  gate  ; 
the  water  next  the  gate  is  fir  ft  in  motion,  and  moves 
towards  the  gate  ;  the  water  next  to  that  firft  water 
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moves  next,  and  fo  on  fucceffively,  till  the  water  at 
the  head  of  the  canal  is  in  motion,  which  is  laft  of 
all.  In  this  cafe  all  the  water  moves  indeed  towards 
the  gate,  but  the  fucceffive  times  of  beginning  motion 
are  the  contrary  way,  viz.  from  the  gate  backwards 
to  the  head  of  the  canal.  Again,  fuppofe  the  air  in 
a  chamber  at  reft,  no  current  through  the  room  till 
you  make  a  lire  in  the  chimney.  Immediately  the  air 
in  the  chimney  being  rarefied  by  the  fire,  rifes  *  the 
air  next  the  chimney  flows  in  to  fupply  its  place, 
moving  towards  the  chimney  ;  and,  in  confequence  , 
the  reft  of  the  air  fucceffively,  quite  back  to  the  door. 
Thus  to  produce  our  North-Eaft  ftorms,  I  fuppofe 
fome  great  heat  and  rarefaction  of  the  air  in  or  about 
the  Gulph  of  Mexico ;  the  air  thence  rifing,  has  its 
place  fupplied  by  the  next  more  northern,  cooler,  and 
therefore  denfer  and  heavier,  air ;  that,  being  in  mo¬ 
tion,  is  followed  by  the  next  more  northern  air,  &c. 
&c.  in  a  fucceffive  current,  to  which  current  our 
coaft  and  inland  ridge  of  mountains  give  the  direction 
of  North-Eaft,  as  they  lie  N.  E.  and  S.  W. 

This  I  offer  only  as  an  hypothefis  to  account  for  this 
particular  fact ;  and  perhaps,  on  farther  examination, 
a  better  and  truer  may  be  found.  I  do  not  fuppofe 
all  ftorms  generated  in  the  fame  manner.  Our  North- 
Weft  thunder-gufts  in  America ,  I  know  arc  not;  but 
of  them  I  have  written  my  opinion  fully  in  a  paper 
which  you  have  feen. 


I  an ?3  &c. 


B.  F. 
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»  ' 

From  Mr.  Ki  NNERSLEY. 

S  I  R y  Philadelphia ,  March  12,  1761. 

HAVING  lately  made  the  following  experiments, 
I  very  chearfully  communicate  them,  in  hopes 
of  giving  you  fome  degree  of  pleafure,  and  exciting 
you  to  further  explore  your  favourite,  but  not  quite 
exhaufted  fubjeCt,  ELECTRICITY. 

I  placed  myfelf  on  an  eleCtric  ftand,  and,  being  well 
eleCtrifed,  threw  my  hat  to  an  uneleftrifed  perfon,  at  a 
confiderabie  diflance,  on  another  ftand,  and  found  that 
the  hat  carried  fome  of  the  electricity  with  it  3  for, 
upon  going  immediately  to  the  perfon  who  received  it* 
and  holding  a  flaxen  thread  near  him,  I  perceived  he 
was  eleCtrifed  fufiiciently  to  attraft  the  thread. 

I  then  fufpended,  by  fiik,  a  broad  plate  of  metal, 
and  eleCtrifed  fome  boiling  water  under  it,  at  about 
four  feet  diflance,  expecting  that  the  vapour,  which 
afcended  plentifully  to  the  plate,  would,  upon  the 
principle  of  the  foregoing  experiment,  carry  up  fome 
of  the  electricity  with  it  3  but  was  at  length  fully 
convinced,  by  feveral  repeated  trials,  that  it  left  all  its 
fhare  thereof  behind.  This  I  know  not  how  to  ac¬ 
count  for  3  but  does  it  not  feem  to  corroborate  your 

hypothefis, 
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hypothecs.  That  the  vapours  of  which  the  clouds  are 
formed,  leave  their  fhare  of  eleCtricity  behind,  in  the 
common  flock,  and  afeend  in  the  negative  ftate  ? 

I  put  boiling  water  into  a  coated  Florence  flafk,  and 
found  that  the  heat  fo  enlarged  the  pores  of  the  glafs 
that  it  could  not  be  charged.  The  electricity  pafled 
through  as  readily,  to  all  appearance,  as  through  metal ; 
the  charge  of  a  three-pint  bottle  went  freely  through, 
without  injuringthe  flafk  in  the  leaft.  When  it  became 
almoft  cold  I  could  charge  it  as  ufual.  Would  not  this 
experiment  convince  the  Abbe  No/let  of  his  egregious 
miftake  ?  For  while  the  electricity  went  faiily  through 
the  glafs,  as  he  contends  it  always  does,  the  glafs  could 
not  be  charged  at  all. 

I  took  a  (lender  piece  of  cedar,  about  eighteen  inches 
long,  fixed  a  brafs  cap  in  the  middle,  thrift  a  pin  ho¬ 
rizontally,  and  at  right  angles,  through  each  end,  (the 
points  in  contrary  directions)  and  hung  it,  nicely  bal¬ 
anced,  like  the  needle  of  a  compafs,  on  a  pin,  about 
fix  inches  long,  fixed  in  the  center  of  an  eleCtric  ftand. 
Then,  electrifing  the  ftand,  I  had  the  pleafure  of  feeing 
what  I  expefted ;  the  wooden  needle  turned  round, 
carrying  the  pins  with  their  heads  foremoft.  1  then 
eleCtrifed  the  ftand  negatively,  expecting  the  needle  to 
turn  the  contrary  way,  but  was  extremely  difappointed, 
for  it  went  (till  the  fame  way  as  before.  When  the 
ftand  was  eleCtrifed  pofitively,  1  fuppofe  that  the  na¬ 
tural  quantity  of  eleCtricity  in  the  air  being  increafed 
on  one  fide,  by  what  iffued  from  the  points,  the  needle 
was  attracted  by  the  leffer  quantity  on  the  other  fide 
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When  eleCtrifed  negatively,  I  fuppofe  that  the  natural 
quantity  of  eleCtricity  in  the  air  was  dimmifhed  near 
the  points in  confequence  whereof,  the  equilibrium 
being  deft royed,  the  needle  was  attracted  by  the  greater 
quantity  on  the  oppofite  fide. 

The  do&rine  of  repulfion,  in  eleCfrifed  bodies,  I 
begin  to  be  fomewhat  doubtful  of.  I  think  all  the 
phenomena  on  which  it  is  founded,  may  be  well  e~ 
nough  accounted  for  without  it.  Will  not  cork  balls, 
eleCtrifed  negatively,  feparate  as  far  as  when  eleCtrifed 
pofitively  ?  And  may  not  their  feparation  in  both  cafes 
be  accounted  for  upon  the  fame  principle,  namely,  the 
mutual  attraction  of  the  natural  quantity  in  the  air, 
and  that  which  is  denfer  or  rarer  in  the  cork-balls  ?  it 
being  one  of  the  eftablifhed  laws  of  this  fluid,  that 
quantities  of  different  den fi ties  fhall  mutually  attraCt 
each  other,  in  order  to  reftore  the  equilibrium. 

I  can  fee  no  reafon  to  conclude  that  the  air  has  not 
its  fhare  of  the  common  ftock  of  electricity,  as  well 
as  glafs,  and,  perhaps,  all  other  eleCtrics  per  fe.  For 
though  the  air  will  admit  bodies  to  be  eleCtrifed  in  it 
either  pofitively  or  negatively,  and  will  not  readily 
carry  off  the  redundancy  in  the  one  cafe,  or  fupply  the 
deficiency  in  the  other,  yet  let  a  perfon  in  the  nega¬ 
tive  ftate,  out  of  doors  in  the  dark,  when  the  air  is 
dry,  hold,  with  his  arm  extended,  a  long  iharp  needle, 
pointing  upwards,  and  he  will  foon  be  convinced  that 
eleCtricity  may  be  drawn  out  of  the  air  ;  not  very 
plentifully,  for,  being  a  bad  conductor,  it  feems  loth 
to  part  with  it,  but  yet  fome  will  evidently  be  col- 


On  Philofophical  Subje&s .  395 

lected.  The  air  near  the  perfon’s  body  having  lefs 
than  its  natural  quantity  will  have  none  to  fpare  -7 
but,  his  arm  being  extended,  as  above,  fome  will  be 
collected  from  the  remoter  air,  and  will  appear  lumi¬ 
nous,  as  it  converges  to  the  point  of  the  needle. 

Let  a  perfon  electrified  negatively  prefen t  the  point 
of  a  needle,  horizontally,  to  a  cork  ball,  fufpended  by 
filk,  and  the  ball  will  be  attracted  towards  the  point, 
till  it  has  parted  with  fo  much  of  its  natural  quantity 
of  eleftricity  as  to  be  in  the  negative  (late  in  the  fame 
degree  with  the  perfon  who  holds  the  needle  ;  then  it 
will  recede  from  the  point,  being,  as  I  fuppofe,  at¬ 
tracted  the  contrary  way  by  the  electricity  of  greater 
denfity  in  the  air  behind  it.  But,  as  this  opinion  feems 
to  deviate  from  electrical  orthodoxy,  I  fhould  be  glad 
to  fee  thefe  phenomena  better  accounted  for  by  your 
fuperior  and  more  penetrating  genius. 

Whether  the  electricity  in  the  air,  in  clear  dry  wea¬ 
ther,  be  of  the  fame  denfity  at  the  height  of  two  or 
three  hundred  yards,  as  near  the  furface  of  the  earth, 
may  be  fatisfaftorily  determined  by  your  old  experi¬ 
ment  of  the  kite.  The  twine  fhould  have,  throughout, 
a  very  fmall  wire  in  it,  and  the  ends  of  the  wire, 
where  the  feveral  lengths  are  united,  ought  to  be  tied 
down  with  a  waxed  thread,  to  prevent  their  afting  in 
the  manner  of  points.  I  have  tried  the  experiment 
twice,  when  the  air  was  as  dry  as  we  ever  have  it, 
and  fo  clear  that  not  a  cloud  could  be  feen,  and  found 
the  twine  each  time  in  a  fmall  degree  eleftrifcd  po- 
fitively.  The  kite  had  three  metalline  points  fixed  to 
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it;  one  on  the  top,  and  one  on  each  fide.  That  the 
twine  was  eleCtrifed,  appeared  by  the  feparating  of  two 
final!  cork  balls,  fufpended  on  the  twine  by  fine  flaxen 
threads,  juft  above  where  the  filk  was  tied  to  it,  and 
ftieltered  from  the  wind.  That  the  twine  was  eleCtrifed 
pofitively,  was  proved,  by  applying  to  it  the  wire  of  a 
charged  bottle,  which  caufed  the  balls  to  feparate  far¬ 
ther,  without  firft  coming  nearer  together.  This  ex¬ 
periment  fliewed  that  the  ele&ricity  in  the  air,  at  thofe 
times,  was  denfer  above  than  below.  But  that  cannot 
be  always  the  cafe ;  for  you  know  we  have  frequently 
found  the  thunder  clouds  in  the  negative  ftate,  attract¬ 
ing  eleftricity  from  the  earth  ;  which  ftate,  it  is  pro¬ 
bable,  they  are  always  in  when  firft  formed ;  and  till 
they  have  received  a  fufficient  fupply.  How  they  come 
afterwards,  towards  the  latter  end  of  the  guft,  to  be 
in  the  pofitive  ftate,  which  is  fometimes  the  cafe,  is 
a  fubjeCt  for  further  enquiry. 

After  the  above  experiments  with  the  wooden  needle, 
I  formed  a  crofs  of  two  pieces  of  wood,  of  equal 
length,  interfefting  each  other  at  right  angles  in  the 
middle,  hung  it  horizontally  upon  a  central  pin,  and 
fet  a  light  horfe,  with  his  rider,  upon  each  extremity, 
whereupon,  the  whole  being  nicely  balanced,  and  each 
courfer  urged  on  by  an  eleCtrifed  point  inftead  of  a 
pair  of  fpurs,  I  was  entertained  with  an  eleCtrical 
horfe-race. 

I  have  contrived  an  eleCtrical  air  thermometer,  and 
made  feveral  experiments  with  it,  that  have  afforded 
me  much  fatisfaCtion  and  pleafure.  It  is  extremely 
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fenfible  of  any  alteration  in  the  ftate  of  the  included 
air,  and  fully  determines  that  controverted  point. 
Whether  there  be  any  heat  in  the  eleftric  fire?  By 
the  enclofed  draught,  and  the  following  defcription, 
you  will  readily  apprehend  the  conftrudtion  of  it. 
See  plate  VI. 

A  B  is  a  glafs  tube,  about  eleven  inches  long,  and 
one  inch  diameter  in  the  bore.  It  has  a  brafs  feril, 
cemented  on  each  end,  with  a  top  and  bottom  part, 
C  and  D,  to  be  fcrewed  on,  air-tight,  and  taken  off 
at  pleafure.  In  the  center  of  the  bottom  part  D,  is 
a  male  fcrew,  which  goes  into  a  brafs  nut,  in  the  ma¬ 
hogany  pedeftal  E.  The  wires  F  and  G,  are  for  the 
electric  fire  to  pafs  through,  darting  from  one  to  the 
other.  The  wire  G  extends  through  the  pedeftal  to 
H,  and  may  be  raifed  and  lowered  by  means  of  a  male 
fcrew  on  it.  The  wire  F  may  be  taken  out,  and  the 
hook  I  be  fcrewed  into  its  place..  K  is  a  glafs  tube, 
with  a  fmall  bore,  open  at  both  ends,  cemented  in  the 
brafs  tube  L,  which  fcrew, s  into  the  top  part  C.  The 
lower  end  of  the  tube  K  is  immerfed  in  water,  co¬ 
loured  with  cochineal,  at  the  bottom  of  the  tube  A  B. 
(I  ufed,  at  firft,  coloured  fpirits  of  wine,  but  in  one 
experiment  I  made,  it  took  fire.)  On  the  top  of  the 
tube  K  is  cemented,  for  ornament,  a  brafs  feril,  with 
a  head  fcrewed  on  it,  which  has  a  fmall  air-hole  thro* 
its  fide,  at  a .  The  wire  b,  is  a  fmall  round  fpring, 
that  embraces  the  tube  K,  fo  as  to  ftay  wherever  it  is 
placed.  The  weight  M  is  to  keep  ftrait  whatever  may 
be  fufpended  in  the  cube  A  B,  on  the  hook  I.  Air 
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muft  be  blown  through  the  tube  K,  into  the  tube 
A  B,  till  enough  is  intruded  to  raife,  by  its  elaftic 
force,  a  column  of  the  coloured  water  in  the  tube  K, 
up  to  cy  or  thereabouts;  and  then,  the  gage-wire  by 
being  llipt  down  to  the  top  of  the  column,  the  ther¬ 
mometer  is  ready  for  ufe. 

I  fet  the  thermometer  on  an  eledtric  ftand,  with  the 
chain  N  fixed  to  the  prime-condudtor,  and  kept  it  well 
eledtrifed  a  confiderable  time;  but  this  produced  no 
fenfible  effedt ;  which  Ihews,  that  the  eledtric  fire, 
when  in  a  ftate  of  reft,  has  no  more  heat  than  the  air, 
and  other  matter  wherein  it  refides. 

When  the  wires  F  and  G  are  in  contadt,  a  large 
charge  of  eledfricity  fent  through  them,  even  that  of 
my  cafe  of  five  and  thirty  bottles,  containing  above 
thirty  fquare  feet  of  coated  glafs,  will  produce  no 
rarefadtion  of  the  air  included  in  the  tube  A  B ;  which 
ftiews  that  the  wires  are  not  heated  by  the  fire’s  palling 
through  them. 

When  the  wires  are  about  two  inches  apart,  the 
charge  of  a  three  pint  bottle,  darting  from  one  to 
the  other,  rarefies  the  air  very  evidently;  which  fhews, 
I  think,  that  the  eledtric  fire  muft  produce  heat  in 
itfelf,  as  well  as  in  the  air,  by  its  rapid  motion. 

The  charge  of  one  of  my  glafs  jars,  (which  will 
contain  above  five  gallons  and  a  half,  wine  meafure) 
darting  from  wire  to  wire,  will,  by  the  difturbance, 
it  gives  the  air,  repelling  it  in  all  diredtions,  raife  the 
column  in  the  tube  K,  up  to  dy  or  thereabouts ;  and 
the  charge  of  the  above-mentioned  cafe  of  bottles 
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will  raife  it  to  the  top  of  the  tube.  Upon  the  air’s 
coalefcing,  the  column,  by  its  gravity,  inflantly  fub- 
fides,  till  it  is  in  equilibrio  with  the  rarefied  air;  it 
then  gradually  defcends,  as  the  air  cools,  and  fettles 
where  in  flood  before.  By  carefully  obferving  at 
what  height  above  the  gage-wire  b ,  the  defeending 
column  firft  flops,  the  degree  of  rarefaction  is  dif- 
covered,  which,  in  great  explofions,  is  very  con- 
fiderable. 

I  hung  in  the  thermometer,  fuccefiively,  a  flrip  of 
wet  writing  paper,  a  wet  flaxen  and  woolen  thread,  a 
blade  of  green  grafs,  a  filament  of  green  wood,  a  fine 
filver  thread,  a  very  fmall  brafs  wire,  and  a  flrip  of 
gilt  paper;  and  found  that  the  charge  of  the  above- 
mentioned  glafs  jar,  pafling  through  each  of  thefe, 
especially  the  laft,  produced  heat  enough  to  rarefy  the 
air  very  perceptibly. 

I  then  fufpended,  out  of  the  thermometer,  a  piece 
of  fmall  harpfichord  wire,  about  twenty-four  inches 
long,  with  a  pound  weight  at  the  lower  end,  and 
fent  the  charge  of  the  cafe  of  five  and  thirty  bottles 
through  it,  whereby  I  difeovered  a  new  method  of 
wire-drawing.  The  wire  was  red  hot  the  whole  length, 
well  annealed,  and  above  an  ich  longer  than  before. 
A  fecond  charge  melted  it ;  it  parted  near  the  middle, 
and  meafured,  when  the  ends  were  put  together,  four 
inches  longer  than  at  firft.  This  experiment,  I  re¬ 
member,  you  propofed  to  me  before  you  left  Philadel¬ 
phia •;  but  I  never  tried  it  till  now.  That  I  might 
have  no  doubt  of  the  wire’s  being  hot  as  well  as  red, 
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I  repeated  the  experiment  on  another  piece  of  the 
fame  wire,  encompaffed  with  a  goofe-quill,  filled  with 
loofe  grains  of  gun-powder;  which  took  fire  as  readily 
as  if  it  had  been  touched  with  a  red  hot  poker.  Alfo 
tinder,  tied  to  another  piece  of  the  wire,  kindled  by 
it.  I  tried  a  wire  about  three  times  as  big,  but  could 
produce  no  fuch  effefts  with  that. 

Hence  it  appears  that  the  electric  fire,  though  it 
has  no  fenfible  heat  when  in  a  ftate  of  reft,  will,  by  its 
violent  motion,  and  the  refiftance  it  meets  with,  pro¬ 
duce  heat  in  other  bodies  when  palling  through  them,  ' 
provided  they  be  fmall  enough.  A  large  quantity  will 
pafs  through  a  large  wire,  without  producing  any 
fenfible  heat ;  when  the  fame  quantity  palling  through 
a  very  fmall  one,  being  there  confined  to  a  narrower 
palfage,  the  particles  crowding  clofer  together,  and 
meeting  with  greater  refiftance,  will  make  it  red  hot, 
and  even  melt  it. 

Hence  lightning  does  not  melt  metal  by  a  cold 
fufion,  as  we  formerly  fuppofed ;  but,  when  it  paftes 
through  the  blade  of  a  fword,  if  the  quantity  be  not 
very  great,  it  may  heat  the  point  fo  as  to  melt  it, 
while  the  broadeft  and  thickeft  part  may  not  be  fen- 
fibly  warmer  than  before. 

And  when  trees  or  houfes  are  fet  on  fire  by  the 
dreadful  quantity  which  a  cloud,  or  the  earth,  fome- 
times  difcharges,  muft  not  the  heat,  by  which  the 
wood  is  firft  kindled,  be  generated  by  the  lightning’s 
violent  motion,  through  the  refilling  combuftible- 
matter  ? 
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If  lightning,  by  its  rapid  motion,  produces  heat  in 
itfelj\  as  well  as  in  other  bodies,  (and  that  it  does  1 
think  is  evident  from  lome  of  the  foregoing  experi¬ 
ments  made  with  the  thermometer)  then  its  fome- 
times  hngeing  the  hair  of  animals  killed  by  it,  may 
eafily  be  accounted  for.  And  the  reafon  of  its  not 
always  doing  fo,  may,  perhaps,  be  this  :  The  quan¬ 
tity,  though  fufficient  to  kill  a  large  animal,  may 
fometimes  not  be  great  enough,  or  not  to  have  met 
with  refiftance  enough,  to  become,  by  its  motion, 
burning  hot. 

We  find  that  dweliing-houfes,  ftruck  with  light¬ 
ning,  are  feldom  fet  on  fire  by  it ;  but  when  it  paffes 
through  barns,  with  hay  or  ftraw  in  them,  or  ftore- 
houfes,  containing  large  quantities  of  hemp,  or  fuch 
like  matter,  they  feldom,  if  ever,  efcape  a  conflagra¬ 
tion  ;  which  may,  perhaps,  be  owing  to  fuch  com- 
buftibles  being  apt  to  kindle  with  a  lefs  degree  of 
heat  than  is  neceffary  to  kindle  wood. 

We  had  four  houfes  in  this  city,  and  a  veffel  at  one 
of  the  wharfs,  ftruck  and  damaged  by  lightning  laft 
fummer.  One  of  the  houfes  was  ftruck  twice  in  the 
fame  ftorm.  But  I  have  the  pleafure  to  inform  you, 
that  your  method  of  preventing  fuch  terrible  difafters, 
has,  by  a  fact  which  had  like  to  have  efcaped  our 
knowledge,  given  a  very  convincing  proof  of  its 
great  utility,  and  is  now  in  higher  repute  with  us 
than  ever. 

Hearing,  a  few  days  ago,  that  Mr.  William  Wejl , 
merchant  in  this  city,  fufpe&ed  that  the  lightning  in 
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one  of  the  thunder-ftorms  laft  fummer,  had  pahed 
through  the  iron  conductor  which  he  had  provided 
for  the  fecurity  of  his  houfe  3  I  waited  on  him,  to 
enquire  what  ground  he  might  have  for  fuch  fufpicion. 
Mr.  Weft  informed  me,  that  his  family  and  neighbours 
were  all  ftunned  with  a  very  terrible  explofion,  and 
that  the  flafh  and  crack  were  feen  and  heard  at  the 
fame  inftant.  Whence  he  concluded,  that  the  light-  , 
ning  muft  have  been  very  near,  and,  as  no  houfe  in 
the  neighbourhood  had  fuffered  by  it,  that  it  muft 
have  paffed  through  his  conduttor.  Mr.  White ,  his 
clerk,  told  me  that  he  was  fitting,  at  the  time,  by  a 
window,  about  two  feet  diftant  from  the  conductor, 
leaning  againft  the  brick  wall  with  which  it  was  in 
contact  3  and  that  he  felt  a  fmart  fenfation,  like  an 
eledtrick  (hock,  in  that  part  of  his  body  which 
touched  the  wall.  Mr.  Weft  further  informed  me, 
that  a  perfon  of  undoubted  veracity  affured  him,  that, 
being  in  the  door  of  an  oppofite  houfe,  on  the  other 
fide  of  Water-ftreet ,  (which  you  know  is  but  narrow) 
he  faw  the  lightning  diffufed  over  the  pavement, 
which  was  then  very  wet  with  rain,  to  the  diftance 
of  two  or  three  yards  from  the  foot  of  the  con- 
du£lor  3  and  that  another  perfon  of  very  good  credit 
told  him,  that  he  being  a  few  doors  off  on  the  other 
fide  of  the  ftreet,  faw  the  lightning  above,  darting  in 
fuch  direction  that  it  appeared  to  him  to  be  diredtly 
over  that  pointed  rod. 

Upon  receiving  this  information,  and  being  defirous 
of  further  fatisfaftion,  there  being  no  traces  of  the 
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lightning  to  be  difcovered  in  the  condu&or,  as  far  as 
we  could  examine  it  below,  I  propofed  to  Mr.  Weft 
our  going  to  the  top  of  the  houfe,  to  examine  the 
pointed  rod,  alluring  him,  that  if  the  lightning  had 
palled  through  it,  the  point  mull;  have  been  melted  ; 
and,  to  our  great  latisfaclion,  we  found  it  fo.  This 
iron  rod  extended  in  height  about  nine  feet  and  a  half 
above  a  Hack  of  chimnies  to  which  it  was  fixed,  (tho’ 
I  fuppofe  three  or  four  feet  would  have  been  fuffi- 
cient.)  It  was  fomewhat  more  than  half  an  inch  dia¬ 
meter  in  the  thicked  part,  and  tapering  to  the  upper 
end.  The  conductor,  from  the  lower  end  of  it  to  the 
earth,  confided  of  fquare  iron  nail-rods,  not  much 
above  a  quarter  of  an  inch  thick,  connected  together 
by  interlinking  joints.  It  extended  down  the  cedar 
roof  to  the  eaves,  and  from  thence  down  the  wall  of 
the  houfe,  four  dory  and  a  half,  to  the  pavement  in 
Water-ftreet ,  being  fadened  to  the  wall,  in  feveral 
places,  by  fmall  iron  hooks.  The  lower  end  was 
fixed  to  a  ring,  in  the  top  of  an  iron  dake  that  was 
drove  about  four  or  five  feet  into  the  ground. 

The  above-mentioned  iron  rod  had  a  hole  in  the 
top  of  it,  about  two  inches  deep,  wherein  was  in¬ 
ferred  a  brafs  wire,  about  two  lines  thick,  and,  when 
fird  put  there,  about  ten  inches  long,  terminating  in 
a  very  acute  point ;  but  now  its  whole  length  was  no 
more  than  feven  inches  and  a  half,  and  the  top  very 
blunt.  Some  of  the  metal  appears  to  be  miffing,  the 
dendered  part  of  the  wire  being,  as  I  fufpect,  con- 
fumed  into  fmoke.  But  fome  of  it,  where  the  wire 

F  f  f  2  was 
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was  a  little  thicker,  being  only  melted  by  the  light¬ 
ning,  funk  down,  while  in  a  fluid  ftate,  and  formed 
a  rough  irregular  cap,  lower  on  one  fide  than  the 
other,  round  the  upper  end  of  what  remained,  and 
became  intimately  united  therewith. 

This  was  all  the  damage  that  Mr.  Weft  fuftained  by 
a  terrible  ftroke  of  lightning ;  —  a  moft  convincing 
proof  of  the  great  utility  of  this  method  of  prevent¬ 
ing  its  dreadful  effects.  Surely  it  will  now  be  thought 
as  expedient  to  provide  conductors  for  the  lightning, 
as  for  the  rain. 

Mr.  Weft  was  fo  good  as  to  make  me  a  prefent  of 
the  melted  wire,  which  I  keep  as  a  great  curiofity, 
and  long  for  the  pleafure  of  ihewing  it  to  you.  In 
the  mean  time,  I  beg  your  acceptance  of  the  belt  reT 
prefentation  I  can  give  of  it,  which  you  will  find  by 
the  fide  of  the  thermometer,  drawn  in  its  full  dimen- 
fions  as  it  now  appears.  The  dotted  lines  above  are 
intended  to  fhew  the  form  of  the  wire  before  the 
lightning  melted  it. 

And  now,  Sir,  I  moft  heartily  congratulate  you  on 
the  pleafure  you  mu  ft  have  in  finding  your  great  and 
well-grounded  expectations  fo  far  fulfilled.  May  this 
method  of  fecurity  from  the  deftrudtive  violence  of 
one  of  the  moft  awful  powers  of  nature,  meet  with 
fuch  further  fuccefs,  as  to  induce  every  good  and 
grateful  heart  to  blefs  God  for  the  important  difcovery  ! 
May  the  benefit  thereof  be  diffufed  over  the  whole 
globe !  May  it  extend  to  the  lateft  pofterity  of  man¬ 
kind. 
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kind,  and  make  the  name  of  FRANKLIN ,  like  that 
of  NEfVFON,  immortal . 

I  am ,  Sir,  with  Jincere  refpelt , 

mojl  obedient  and  mojl  humble  Servant , 

EBEN.  KINNERSLEY. 


LETTER  XXXVIII. 

T  O 

V 

Mr.  Kinnersley,  in  Anfwer  to  the  foregoing . 

SIR ,  London ,  20,  1762. 

1  Received  your  ingenious  letter  of  the  1 2th  of  March 
laft,  and  thank  you  cordially  for  the  account  you 
give  me  of  the  new  experiments  you  have  lately  made 
in  Electricity. — It  is  a  fubjeCt  that  ftill  affords  me 

pleafure,  though  of  late  I  have  not  much  attended 

-  >* 

to  it. 

Your  fecond  experiment,  in  which  you  attempted, 
without  fuccefs,  to  communicate  pofitive  electricity 
by  vapour  afeending  from  eleftrifed  water,  reminds  me 
of  one  I  formerly  made,  to  try  if  negative  electricity 
might  be  produced  by  evaporation  only.  I  placed  a 
large  heated  brafs  plate,  containing  four  or  five  fquare 
feet,  on  an  electric  ftand ;  a  rod  of  metal,  about  four 
feet  long,  with  a  bullet  at  its  end,  extended  from  the 

.  plate 
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plate  horizontally.  A  light  lock  of  cotton,  fufpended 
by  a  fine  thread  from  the  deling,  hung  oppofite  to, 
and  within  an  inch  of  the  bullet.  I  then  fprinkled 
the  heated  plate  with  water,  which  arofe  faft  from 
it  in  vapour.  If  vapour  fhould  be  difpofed  to  carry 
oft'  the  eledrical,  as  it  does  the  common  fire  from 
bodies,  I  expeded  the  plate  would,  by  lofing  fome  of 
its  natural  quantity,  become  negatively  eledrifed.  But 
I  could  not  perceive,  by  any  motion  in  the  cotton, 
that  it  was  at  all  affeded $  nor  by  any  reparation  of 
fmall  cork-balls,  fufpended  from  the  plate,  could  it  be 
obferved  that  the  plate  was  in  any  manner  eiedrifted. 
Mr.  Canton  here  has  alfo  found,  that  two  tea  cups,  fet 
on  eledric  ftands,  and  filled,  one  with  boiling,  the  other 
with  cold  water,  and  equally  eledrified,  continued 
equally  fo,  notwithftanding  the  plentiful  evaporation 
from  the  hot  water.  Your  experiment  and  his  agree¬ 
ing,  fhow  another  remarkable  difference  between  elec¬ 
tric  and  common  fire,  for  the  latter  quits  moft  rea¬ 
dily  the  body  that  contains  it,  where  water,  or  any 
other  fluid  is  evaporating  from  the  fuiface  of  that 
body,  and  efcapes  with  the  vapour.  Hence  the  me¬ 
thod  long  in  ufe  in  the  eaft,  of  cooling  liquors,  by 
wrapping  the  bottles  round  with  a  wet  cloth,  and  ex¬ 
po  fin  g  them  to  the  wind.  Dr.  Cullen  of  Edinburgh ,  has 
given  fome  experiments  of  cooling  by  evaporation  ; 
and  I  was  prefent  at  one  made  by  Dr.  Hadley ,  then 
profeffor  of  chemiftry  at  Cambridge ,  when,  by  repeat¬ 
edly  wetting  the  ball  of  a  thermometer  with  fpirit, 
and  quickening  the  evaporation  by  the  blaft  of  a  bel¬ 
lows. 
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lows,  the  mercury  fell  from  65,  the  ftate  of  warmth 
in  the  common  air,  to  7,  which  is  22  degrees  below 
freezings  and,  accordingly,  from  fome  water  mixed 
with  the  fpirit,  or  from  the  breath  of  the  afliftants,  or 
both,  ice  gathered  in  fmall  fpicula  round  the  ball,  to 
the  thicknefs  of  near  a  quarter  of  an  inch.  To  fuch 
a  degree  did  the  mercury  lofe  the  fire  it  before  con¬ 
tained,  which,  as  I  imagine,  took  the  opportunity  of 
efcaping,  in  company  with  the  evaporating  particles 
of  the  fpirit,  by  adhering  to  thofe  particles. 

Your  experiment  of  the  Florence  fiafk  and  boiling 
water  is  very  curious.  1  have  repeated  it,  and  found 
it  to  fucceed  as  you  defcribe  it,  in  two  daiks  out  of 
three.  The  third  would  not  charge  when  filled  with 
either  hot  or  cold  water.  I  repeated  it,  becaufe  I  re¬ 
membered  I  had  once  attempted  to  make  an  electric 
bottle  of  a  Florence  fiafk,  filled  with  cold  water,  but 
could  not  charge  it  at  all ;  which  I  then  imputed  to 
fome  imperceptible  cracks  in  the  fmall,  extremely  thin 
bubbles,  of  which  that  glafs  is  full,  and  I  concluded 
none  of  that  kind  would  do.  But  you  have  fhewn  me 
my  miftake. — Mr.  JVilfon  had  formerly  acquainted  us, 
that  red  hot  glafs  would  conduft  electricity :  but  that 
fo  fmall  a  degree  of  heat  as  that  communicated  by 
boiling  water,  would  fo  open  the  pores  of  extremely 
thin  glafs,  as  to  fuffer  the  eleftric  fluid  freely  to  pafs, 
was  not  before  known.  Some  experiments  fimilar  to 
yours,  have,  however,  been  made  here,  before  the  re¬ 
ceipt  of  your  letter,  of  which  I  fhall  now  give  you 
an  account. 


I  for- 
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I  formerly  had  an  opinion,  that  a  Leyden  bottle, 
charged  and  then  fealed  hermetically,  might  retain  its 
eleftricity  for  ever  ;  but  having  afterwards  fome  fu- 
fpicion  that  poffibly  that  fubtil  fluid  might,  by  flow 
imperceptible  degrees,  foak  through  the  glafs,  and  in 
time  efcape,  I  requefted  fome  of  my  friends,  who  had 
conveniencies  for  doing  it,  to  make  trial,  whether, 
after  fome  months,  the  charge  of  a  bottle  fo  fealed 
would  be  fenfibly  diminifhed.  Being  at  Birmingham , 
in  September  1760,  Mr.  Bolton  of  that  place  opened  a 
bottle  that  had  been  charged,  and  its  long  tube  neck 
hermetically  fealed  in  the  January  preceding.  On 
breaking  off  the  end  of  the  neck,  and  introducing  a 
wire  into  it,  we  found  it  pofiefled  of  a  confiderable 
quantity  of  electricity,  which  was  difcharged  by  a 
fnap  and  fpark.  This  bottle  had  lain  near  feven  months 
on  a  flielf  in  a  clofet,  in  contact  with  bodies  that 
would  undoubtedly  have  carried  off  all  its  electricity, 
if  it  could  have  come  readily  through  the  glafs.  Yet 
as  the  quantity  manifefted  by  the  difcharge  was  not 
apparently  fo  great  as  might  have  been  expeCted  from 
a  bottle  of  that  fize  well  charged,  fome  doubt  re¬ 
mained  whether  part  had  efcaped  while  the  neck  was 
fealing,  or  had  fince,  by  degrees,  (baked  through  the 
glafs.  But  an  experiment  of  Mr.  Canton  s,  in  which 
fuch  a  bottle  was  kept  under  water  a  week,  without 
having  its  eleCtricity  in  the  lead  impared,  feems  to 
(how,  that  when  the  glafs  is  cold,  though  extremely 
thin,  the  eleftric  fluid  is  well  retained  by  it.  As  that 
ingenious  and  accurate  experimenter  made  a  difcovery, 

like 
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like  yours,  of  the  effect  of  heat  in  rendering  thin  glafs 
permeable  by  that  fluid,  it  is  but  doing  him  juftice  to 
give  you  his  account  of  it,  in  his  own  words,  extracted 
from  his  letter  to  me,  in  which  he  communicated  it, 
dated  OB.  31,  1760,  viz. 

“  Having  procured  fome  thin  glafs  balls,  of  about 
an  inch  and  a  half  in  diameter,  with  items,  or  tubes, 
of  eight  or  nine  inches  in  length,  I  electrified  them, 
fome  pofitively  on  the  infide,  and  others  negatively* 
after  the  manner  of  charging  the  Leyden  bottle,  and 
fealed  them  hermetically.  Soon  after  I  applied  the 
naked  balls  to  my  eleftrometer,  and  could  not  difcover 
the  leafl  fign  of  their  being  electrical  *y  but  holding 
them  before  the  fire,  at  the  diftance  of  fix  or  eight 
inches,  they  became  ftrongly  electrical  in  a  very  fliort 
time,  and  more  fo  when  they  were  cooling.  Thefe 
balls  will,  every  time  they  are  heated,  give  the  eleCtrical 
fluid  to,  or  take  it  from  other  bodies,  according  to  the 
plus  or  minus  ftate  of  it  within  them.  Heating  them 
frequently,  I  find,  will  fenfibly  diminifh  their  power ; 
but  keeping  one  of  them  under  water  a  week,  did  not 
appear  in  the  leafl:  degree  to  impair  it.  That  which  I 
kept  under  water  was  charged  on  the  2  2d  of  September 
laft,  was  feveral  times  heated  before  it  was  kept  in 
water,  and  has  been  heated  frequently  fince,  and  yet  it 
ftill  retains  its  virtue  to  a  very  confiderable  degree. 
The  breaking  two  of  my  balls  accidentally,  gave  me 
an  opportunity  of  meafuring  their  thicknefs,  which  I 
found  to  be  between  feven  and  eight  parts  in  a  thoufand 
of  an  inch. 

G  g  g  A  down 
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A  down  feather,  in  a  thin  glafs  ball,  hermetically 
fealed,  will  not  be  affeded  by  the  application  of  an 
excited  tube,  or  the  wire  of  a  charged  vial,  unlefs  the 
ball  be  con nder ably  heated ;  and  if  a  glafs  pane  be 
heated  till  it  begins  to  grow  foft,  and  in  that  ftate  be 
held  between  the  wire  of  a  charged  vial,  and  the  difi- 
charging  wire,  the  courfe  of  the  eledrical  fluid  will 
not  be  through  the  glafs,  but  on  the  furface,  round 
by  the  edge  of  it.” 

By  this  laft  experiment  of  Mr.  Cantoris ,  it  appears, 
that  though  by  a  moderate  heat,  thin  glafs  becomes, 
in  fome  degree,  a  conductor  of  eledricity,  yet,  when 
of  the  thicknefs  of  a  common  pane,  it  is  not,  though 
in  a  ftate  near  melting,  fo  good  a  condudor  as  to  pafs 
the  fliock  of  a  difcharged  bottle.  There  are  other 
conductors  which  fuffer  the  eledric  fluid  to  pafs 
through  them  gradually,  and  yet  will  not  condud  a 
fhock.  For  inftance,  a  quire  of  paper  will  conduct 
through  its  whole  length,  fo  as  to  eledrify  a  perfon, 
who  Handing  on  wax,  prefents  the  paper  to  an  electri¬ 
fied  prime  conductor ;  but  it  will  not  condud  a  fliock 
even  through  its  thicknefs  only  ;  hence  the  fliock 
either  fails,  or  pafles  by  rending  a  hole  in  the  paper. 
Thus  a  fieve  will  pafs  water  gradually,  but  a  ftream 
from  a  fire  engine  would  either  be  flopped  by  it,  or 
tear  a  hole  through  it. 

It  ftiould  feem,  that  to  make  glafs  permeable  to  the 
eledric  fluid,  the  heat  fliould  be  proportioned  to  the 
thicknefs.  You  found  the  heat  of  boiling  water,  which 

is  but  210,  fufficient  to  render  the  extreme  thin  glafs 
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in  a  Florence  flafk,  permeable  even  to  a  fliock.—Lord 
Charles  Cavendifh ,  by  a  very  ingenious  experiment,  has 
found  the  heat  of  400  requifite  to  render  thicker  glafs 
permeable  to  the  common  current. 

“  A  glafs  tube,  (See  Plate  VII.)  of  which  the  part 
C  B  was  folid,  had  wire  thruft  in  each  end,  reaching 
to  B  and  C. 

<c  A  fmall  wire  was  tied  on  at  D,  reaching  to  the 
floor,  in  order  to  carry  off  any  electricity  that  might 
run  along  upon  the  tube. 

cc  The  bent  part  was  placed  in  an  iron  pot,  filled 
with  iron  filings  3  a  thermometer  was  alfo  put  into  the 
filings  3  a  lamp  was  placed  under  the  pot  3  and  the 
whole  was  fupported  upon  glafs. 

“  The  wire  A  being  electrified  by  a  machine,  before 
the  heat  was  applied,  the  corks  at  E  feparated  at  firft, 
upon  the  principle  of  the  Leyden  vial. 

<c  But  after  the  part  C  B  of  the  tube  was  heated  to 
600,  the  corks  continued  to  feparate,  though  you  dis¬ 
charged  the  eleCtricity  by  touching  the  wire  at  E,  the 
eleCtrical  machine  continuing  in  motion. 

“  Upon  letting  the  whole  cool,  the  effeCt  remained 
till  the  thermometer  was  funk  to  400.” 

It  were  to  be  wiflied,  that  this  noble  philofopher 
would  communicate  more  of  his  experiments  to  the 
world,  as  he  makes  many,  and  with  great  accuracy. 

You  know  I  have  always  looked  upon  ?jid  men¬ 
tioned  the  equal  repulfion  in  cafes  of  pofitive  and  of 
negative  eleftricity,  as  a  phenomenon  difficult  to  be 
explained.  I  have  fometimes,  too,  been  inclined  with 

G  g  g  2  you 
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you,  to  refolve  all  into  attraftion  5  but  befides  that  at¬ 
traftion  feer ns  in  itfelf  as  unintelligible  as  repulfion, 
there  are  fome  appearances  of  repulfion  that  I  cannot 
fo  eafily  explain  by  attraftion  ;  this  for  one  inftance. 
When  the  pair  of  cork  balls  are  fufpended  by  flaxen 
threads,  from  the  end  of  the  prime  conduftor,  if  you 
bring  a  rubbed  glafs  tube  near  the  conductor,  but 
without  touching  it,  you  fee  the  balls  feparate,  as 
being  ele ft  rifled  pofitively  ;  and  yet  you  have  commu¬ 
nicated  no  electricity  to  the  conduftor,  for,  if  you 
had,  it  would  have  remained  there,  after  withdrawing 
the  tube  ;  but  the  clofing  of  the  balls  immediately 
thereupon,  {hews  that  the  conduftor  has  no  more  left 
in  it  than  its  natural  quantity.  Then  again  approach¬ 
ing  the  conduftor  with  the  rubbed  tube,  if,  while  the 
balls  are  feparated,  you  touch  with  a  finger  that  end 
of  the  conduftor  to  which  they  hang,  they  will  come 
together  again,  as  being,  with  that  part  of  the  con¬ 
duftor,  brought  to  the  fame  ftate  with  your  finger, 
i.  e.  the  natural  ftate.  But  the  other  end  of  the  con¬ 
duftor,  near  which  the  tube  is  held,  is  not  in  that 
ftate,  but  in  the  negative  ftate,  as  appears  on  removing 
the  tube  5  for  then  part  of  the  natural  quantity  left 
at  the  end  near  the  balls,  leaving  that  end  to  fupply 
what  is  wanting  at  the  other,  the  whole  conduftor  is 
found  to  be  equally  in  the  negative  ftate.  Does  not 
this  indicate  that  the  eleftricity  of  the  rubbed  tube 
had  repelled  the  eleftric  fluid,  which  was  diffufed  in 
the  conduftor  while  in  its  natural  ftate,  and  forced  it 
to  quit  the  end  to  which  the  tube  was  brought  near, 

accumu- 
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accumulating  itfelf  on  the  end  to  which  the  balls 
were  fufpended  ?  I  own  I  find  it  difficult  to  account 
for  its  quitting  that  end,  on  the  approach  of  the  rub¬ 
bed  tube,  but  on  the  luppofition  of  repulfion ;  for, 
while  the  conductor  was  in  the  fame  ftate  with  the 
air,  i.  e.  the  natural  ftate,  it  does  not  feem  to  me  eafy 
to  fuppofe,  that  an  attraction  fhould  fuddenly  take 
place  between  the  air  and  the  natural  quantity  of  the 
eleCtric  fluid  in  the  conductor,  fo  as  to  draw  it  to, 
.and  accumulate  it  on  the  end  oppofite  to  that  ap¬ 
proached  by  the  tube;  fince  bodies,  pofle fling  only 
their  natural  quantity  of  that  fluid,  are  not  ufually 
feen  to  attract  each  other,  or  to  affeCt  mutually  the 
quantities  of  electricity  each  contains. 

There  are  likewife  appearances  of  repulfion  in  other 
parts  of  nature.  Not  to  mention  the  violent  force 
with  which  the  particles  of  water,  heated  to  a  certain 
degree,  feparate  from  each  other,  or  thofe  of  gun¬ 
powder,  when  touched  with  the  fmalleft  fpark  of  fire, 
there  is  the  feeming  repulfion  between  the  fame  poles 
of  the  magnet,  a  body  containing  a  fubtle  moveable 
fluid,  in  many  relpeCts  analagous  to  the  eleCtric  fluid. 
If  two  magnets  are  fo  fufpended  by  firings,  as  that 
their  poles  of  the  fame  denomination  are  oppofite  to 
each  other,  they  will  feparate,  and  continue  fo ;  or  if 
you  lay  a  magnetic  lleel  bar  on  a  fmooth  table,  and 
approach  it  with  another  parallel  to  it,  the  poles  of 
both  in  the  fame  pofition,  the  firft  will  recede  from 
the  fecond,  fo  as  to  avoid  the  contact,  and  may  thus 
be  pufhed  (or  at  leaft  appear  to  be  pufhed)  oft'  the 
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table.  Can  this  be  afcribecl  to  the  attraction  of  any 
furrounding  body  or  matter  drawing  them  afunder, 
or  drawing  the  one  away  from  the  other  ?  If  not, 
and  repulfion  exifts  in  nature,  and  in  magnetifm, 
why  may  it  not  exift  in  electricity  ?  We  fhould  not, 
indeed,  multiply  caufes  in  philofophy  without  necef- 
fity  5  and  the  greater  fimpiicity  of  your  hypothecs 
would  recommend  it  to  me,  if  I  could  fee  that  all 
appearances  might  be  folved  by  it.  But  I  find,  or 
think  I  find,  the  two  caufes  more  convenient  than 
one  of  them  alone.  Thus  I  would  folve  the  circular 
motion  of  your  horizontal  ftick,  fupported  on  a  pivot, 
with  two  pins  at  their  ends,  pointing  contrary  ways, 
and  moving  in  the  fame  direction  when  electrified, 
whether  pofitively  or  negatively :  When  pofitively, 
the  air  oppofite  to  the  points  being  electrifed  pofi¬ 
tively,  repels  the  points ;  when  negatively,  the  air 
oppofite  the  points  being  alfo,  by  their  means,  elec¬ 
trifed  negatively,  attradlion  takes  place  between  the 
electricity  in  the  air  behind  the  heads  of  the  pins, 
and  the  negative  pins,  and  fo  they  are,  in  this  cafe, 
drawn  in  the  fame  direction  that  in  the  other  they 
were  driven.— You  fee  I  am  willing  to  meet  you  half 
wav,  a  complaifance  I  have  not  met  with  in  our  bro¬ 
ther  Nollet ,  or  any  other  hypothefis-maker,  and  there¬ 
fore  may  value  myfelf  a  little  upon  it,  efpecialiy  as 
they  fay  I  have  fome  ability  in  defending  even  the 
wrong  fide  of  a  queftion,  when  I  think  fit  to  take  it 
in  hand. 

What 
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What  you  give  as  an  eftablifhed  law  of  the  electric 
fluid,  <£  That  quantities  of  different  denfities  mutually 

attract  each  other,  in  order  to  reflore  the  equili- 
<c  brium,”  is,  I  think,  not  well  founded,  or  elfe  not 

•  4  -J 

well  expreffed.  Two  large  cork  balls,  fufpended  by 
filk  firings,  and  both  well  and  equally  electrified, 
feparate  to  a  great  diflance.  By  bringing  into  contact 
with  one  of  them,  another  ball  of  the  fame  fize, 
fufpended  likewife  by  filk,  you  will  take  from  it  half 
its  eleftricity.  It  will  then,  indeed,  hang  at  a  lefs 
diflance  from  the  other,  but  the  full  and  the  half 
quantities  will  not  appear  to  attrafl  each  other,  that 
is,  the  bails  will  not  come  together.  Indeed,  I  do 
not  know  any  proof  we  have,  that  one  quantity  of 
electric  fluid  is  attracted  by  another  quantity  of  that 
fluid,  whatever  difference  there  may  be  in  their  denfi¬ 
ties.  And,  fuppofing  in  nature,  a  mutual  attraction 
between  two  parcels  of  any  kind  of  matter,  it  would 
be  Arrange  if  this  attraction  fhouid  fubfift  ftrongly 
while  thofe  parcels  were  unequal,  and  ceafe  when 
more  matter  of  the  fame  kind  was  added  to  the 
fmallefl  parcel,  fo  as  to  make  it  equal  to  the  biggeft. 
By  all  the  laws  of  attraction  in  matter,  that  we  are' 
acquainted  with,  the  attraction  is  ftronger  in  propor¬ 
tion  to  the  increafe  of  the  makes,  and  never  in  pro¬ 
portion  to  the  difference  of  the  maffes.  I  fhouid  ra¬ 
ther  think  the  law  would  be,  cc  That  the  electric  fluid 
<c  is  attracted  ftrongly  by  all  other  matter  that  we 
“  know  of,  while  the  parts  of  t}iat  fluid  mutually 
£C  repel  each  other.’ ’  Hence  its  being  equally  diifufed 
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(except  in  particular  circumftances)  throughout  all 
other  matter.  But  this  you  jokingly  call  “  eleftrical 

orthodoxy.”  It  is  fo  with  fame  at  prefent,  but  not 
with  all;  and,  perhaps,  it  may  not  always  be  ortho¬ 
doxy  with  any  body.  Opinions  are  continually  vary¬ 
ing,  where  we  cannot  have  mathematical  evidence  of 
the  nature  of  things ;  and  they  muft  vary.  Nor  is 
that  variation  without  its  ufe,  fince  it  occafions  a 
more  thorough  difcuffion,  whereby  error  is  often  dif- 
fipated,  true  knowledge  is  encreafed,  and  its  princi¬ 
ples  become  better  underftood  and  more  firmly 
eftahlifhed. 

Air  Ihould  have,  as  you  obferve,  “  its  fhare  of  the 
“  common  flock  of  electricity,  as  well  as  glafs,  and, 
t£  perhaps,  all  other  eledlrics  per  fe.”  But  I  fuppofe, 
that,  like  them,  it  does  not  eafily  part  with  what  it 
has,  or  receive  more,  uniefs  when  mixed  with  fome 
non-eleftric,  as  moifture  for  inftance,  of  which  there 
is  fome  in  our  drieft  air.  This,  however,  is  only  a 
fuppofition ;  and  your  experiment  of  reftoring  elec¬ 
tricity  to  a  negatively  eledtrifed  perfon,  by  extending 
his  arm  upwards  into  the  air,  with  a  needle  between 
his  fingers,  on  the  point  of  which  light  may  be  feen 
in  the  night,  is,  indeed,  a  curious  one.  In  this  town 
the  air  is  generally  moifter  than  with  us,  and  here 
I  have  feen  Mr.  Canton  eledlrify  the  air  in  one  room 
pofitively,  and  in  another,  which  communicated  by  a 
door,  he  has  eledlrifed  the  air  negatively.  The  dif¬ 
ference  was  eafily  difcovered  by  his  cork  balls,  as  he 
paffed  out  of  one  room  into  another. — Pere  Beccaria , 
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too,  has  a  pretty  experiment,  which  fhews  that  air 
may  be  eleCtrifed.  Sufpending  a  pair  of  fmall  light 
balls,  by  flaxen  threads,  to  the  end  of  his  prime- 
conductor,  he  turns  his  globe  fome  time,  eleCtrifing 
pofitively,  the  balls  diverging  and  continuing  feparate 
all  the  time.  Then  he  prefents  the  point  of  a  needle 
to  his  conductor,  which  gradually  drawing  off  the 
eleCtric  fluid,  the  balls  approach  each  other,  and 
touch,  before  all  is  drawn  from  the  conductor  s  open¬ 
ing  again  as  more  is  drawn  off,  and  feparating  nearly 
as  wide  as  at  firft,  when  the  conductor  is  reduced  to 
the  natural  ftate.  By  this  it  appears,  that  when  the 
balls  came  together,  the  air  furrounding  the  balls  was 
juft  as  much  eleCtrifed  as  the  conductor  at  that  time ; 
and  more  than  the  conductor,  when  that  was  reduced 
to  its  natural  ftate.  For  the  balls,  though  in  the  na¬ 
tural  ftate,  will  diverge,  when  the  air  that  furrounds 
them  is  eleCtrifed  plus  or  minus ,  as  well  as  when  that 
is  in  its  natural  ftate,  and  they  are  eleCtrifed  plus  or 
minus  themfelves.  I  forefee  that  you  will  apply  this 
experiment  to  the  fupport  of  your  hypothefts,  and 
1  think  you  may  make  a  good  deal  of  it. 

It  was  a  curious  enquiry  of  yours,  Whether  the 
electricity  of  the  air,  in  clear  dry  weather,  be  of  the 
fame  denfity  at  the  height  of  two  or  three  hundred 
yards,  as  near  the  furface  of  the  earth ;  and  1  am 
glad  you  made  the  experiment.  Upon  reflection,  it 
ftiould  feem  probable,  that  whether  the  general  ftate 
of  the  atmofphere  at  any  time  be  pofitive  or  negative, 
that  part  of  it  which  is  next  the  earth  will  be  nearer 
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the  natural  ftate,  by  having  given  to  the  earth  in  one 
cafe,  or  having  received  from  it  in  the  other.  In 
ele&rifing  the  air  of  a  room,  that  which  is  neareft  the 
walls,  or  floor,  is  leaft  altered.  There  is  only  one 
fmall  ambiguity  in  the  experiment,  which  may  be 
.  cleared  by  more  trials ;  it  arifes  from  the  fuppofition 
that  bodies  may  be  eleftrifed  pofitively  by  the  friftion 
of  air  blowing  ftrongly  on  them,  as  it  does  on  the 
kite  and  its  firing.  If  at  fome  times  the  eleflricity 
appears  to  be  negative,  as  that  friftion  is  the  fame, 
the  effeft  mull  be  from  a  negative  flate  of  the 


I  am  much  pleafed  with  your  eleftrical  thermo¬ 
meter,  and  the  experiments  you  have  made  with  it. 
I  formerly  fatisfied  myfelf  by  an  experiment  with  my 
phial  and  fyphon,  that  the  elafticity  of  the  air  was 
not  increafed  by  the  mere  exiftence  of  an  ele£lric 
atmofphere  within  the  phial;  but  I  did  not  know,  till 
you  now  inform  me,  that  heat  may  be  given  to  it  by 
an  electric  explofxon.  The  continuance  of  its  rare- 
faflion,  for  fome  time  after  the  difcharge  of  your 
glafs  jar  and  of  your  cafe  of  bottles,  feems  to  make 
this  clear.  The  other  experiments  on  wet  paper,  wet 
thread,  green  grafs,  and  green  wood,  are  not  fo  fatis- 
fadlory ;  as  poffibly  the  reducing  part  of  the  moifture 
to  vapour,  by  the  eleftric  fluid  pafling  through  it, 
might  occafion  fome  expanfion  which  would  be  gra¬ 
dually  reduced  by  the  condenfation  of  fuch  vapour. 
The  fine  filver  thread,  the  very  fmall  brafs  wire,  and 
the  flrip  of  gilt  paper,  are  alfo  fubjeft  to  a  fimilar 
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objection,  as  even  metals,  in  fueh  dreumfiances,  are 
often  partly  reduced  to  fimoke,  particularly  the  gild¬ 
ing  on  paper, 

But  your  fubfeejuent  beautiful  experiment  on  the 
wire,  which  you  made  hot  by  the  electric  explofion, 
and  in  that  ftate  fired  gunpowder  with  it,  puts  it  out 
pf  all  queftion,  that  heat  is  produced  by  our  artificial 
electricity,  and  that  the  melting  of  metals  in  that 
way,  is  not  by  what  I  formerly  called  a  cold  fufion, 
A  late  inftance  here,  of  the  melting  a  bell-wire,  in  a 
houfe  ftruck  by  lightning,  and  parts  of  the  wire 
burning  holes  in  the  floor  on  which  they  fell,  has 
proved  the  fame  with  regard  to  the  eleftricity  of  na¬ 
ture.  I  was  too  eaflly  led  into  that  error  by  accounts 
given,  even  in  philofophical  books,  and  from  remote 
ages  downwards,  of  melting  money  in  purfes,  fwords 
in  fcabbards,  &c.  without  burning  the  inflammable 
matters  that  were  fo  near  thofe  melted  metals.  But 
men  are,  in  general,  fuch  carelefs  obfervers,  that 
a  philolopher  cannot  be  too  much  on  his  guard  in 
crediting  their  relations  of  things  extraordinary,  and 
fhould  never  build  an  hypothelis  on  any  thing  but 
clear  fads  and  experiments,  or  it  will  be  in  danger  of 
foon  falling,  as  this  does,  like  a  houfe  of  cards. 

How  many  ways  there  are  of  kindling  fire,  or  pro¬ 
ducing  heat  in  bodies  !  By  the  fun’s  rays,  by  colli- 
lion,  by  fridion,  by  hammering,  by  putrefadion,  by 
fermentation,  by  mixtures  of  fluids,  by  mixtures  of 
folids  with  fluids,  and  by  eledricity.  And  yet  the 
fire  when  produced,  though  in  different  bodies  it  may 
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differ  in  circumftances,  as  in  colour,  vehemence,  6?r. 
yet  in  the  fame  bodies  is  generally  the  fame.  Does 
not  this  feem  to  indicate  that  the  fire  exifted  in  the 
body,  though  in  a  quiefcent  ftate,  before  it  was  by 
any  of  thefe  means  excited,  difengaged,  and  brought 
forth  to  action  and  to  view  ?  May  it  not  conftitute 
part,  and  even  a  principal  part,  of  the  folid  fubftance 
of  bodies  ?  If  this  fhould  be  the  cafe,  kindling  fire 
in  a  body  would  be  nothing  more  than  developing 
this  inflammable  principle,  and  fetting  it  at  liberty  to 
aft  in  feparating  the  parts  of  that  body,  which  then 
exhibits  the  appearances  of  fcorching,  melting,  burn¬ 
ing,  &c.  When  a  man  lights  an  hundred  candles 
from  the  flame  of  one,  without  diminifhing  that 
flame,  can  it  be  properly  faid  to  have  communicated  all 
that  fire  ?  When  a  Angle  fpark  from  a  flint,  applied 
to  a  magazine  of  gunpowder,  is  immediately  attended 
with  this  confequence,  that  the  whole  is  in  flame, 
exploding  with  immenfe  violence,  could  all  this  fire 
exifl:  firft  in  the  fpark  ?  We  cannot  conceive  it.  And 
thus  we  feem  led  to  this  fuppofition,  that  there  is 
fire  enough  in  all  bodies  to  fmge,  melt,  or  burn 
them,  whenever  it  is,  by  any  means,  fet  at  liberty, 
fo  that  it  may  exert  itfelf  upon  them,  or  be  difen¬ 
gaged  from  them.  This  liberty  feems  to  be  afforded 
it  by  the  paffage  of  eleftricity  through  them,  which 
we  know  can  and  does,  of  itfelf,  feparate  the  parts 
even  of  water ;  and  perhaps  the  immediate  appear¬ 
ances  of  fire  are  only  the  effefts  of  fuch  feparations  ? 
If  fo,  there  would  be  no  need  of  fuppofing  that  the 
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define  fluid  heats  itfelf  by  the  fwiftnefs  of  its  motion, 
or  heats  bodies  by  the  refiftance  it  meets  with  in  pafTmg 
through  them.  They  would  only  be  heated  in  pro¬ 
portion  as  fuch  reparation  could  be  more  ealily  made. 
Thus  a  melting  heat  cannot  be  given  to  a  large  wire 
in  the  flame  of  a  candle,  though  it  may  to  a  fmall 
one ;  and  this  not  becaufe  the  large  wire  refills  lefs 
that  aftion  of  the  flame,  which  tends  to  feparate  its7 
parts,  but  becaufe  it  refills  it  more  than  the  fmaller 
wire;  or  becaufe  the  force  being  divided  among  more 
parts,  afls  weaker  on  each. 

This  reminds  me,  however,  of  a  little  experiment  I 
have  frequently  made,  that  fhews,  at  one  operation, 
the  different  effefls  of  the  fame  quantity  of  elefiric 
fluid  pafling  through  different  quantities  of  metal.  A 
ftrip  of  tinfoil,  three  inches  long,  a  quarter  of  an  inch 
wide  at  one  end,  and  tapering  all  the  way  to  a  fharp 
point  at  the  other,  fixed  between  two  pieces  of  glafs, 
and  having  the  electricity  of  a  large  glafs  jar  fent 
through  it,  will  not  be  difcompofed  in  the  broadeft 
part,  towards  the  middle  will  appear  melted  in  fpots ; 
where  narrower,  it  will  be  quite  melted;  and  about 
half  an  inch  of  it  next  the  point  will  be  reduced  to. 
fmoke. 

You  were  not  millaken  in  fuppofing  that  your  ac¬ 
count  of  the  effefl  of  the  pointed  rod,  in  fecuring  Mr. 
We/s  houfe  from  damage  by  a  flroke  of  lightning, 
would  give  me  great  pleafure.  I  thank  you  for  it  mofl 
heartily,  and  for  the  pains  you  have  taken  in  giving 
me  fo  compleat  a  defcription  of  its  fituation,  form,  and 
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fubftance,  with  the  draft  of  the  melted  poult,  There 
is  one  circunaftan.ee.,  viz-  that  the  lightning  was  fen 
to  diifuie  itfelf  from  the  foot  of  the  .rod  over  the  wet 
pavement,  which  ferns,  I  think,  to  indicate,  that  the 
earth  under  the  pavement  was  very  dry,  and  that  the 
rod  fhould  have  been  funk  deeper,  till  it  came  to  earth 
moifter,  and  therefore  apter  to  receive  and  diffipate 
the  electric  fluid.  And  although,  in  this  inftance, 
a  conductor  formed  of  nail  rods,  not  much  above  a 
quarter  of  an  inch  thick,  ferved  well  to  convey  the 
lightning,  yet  fome  accounts  I  have  keen  from  Caroline--, 
give  reafon  to  think  that  larger  may  be  fometimes  ne- 
ceffary,  at  leaft  for  the  lccurity  of  the  conductor  itfelf, 
which,  when  too  final!,  may  be  deftroyed  in  executing 
its  office,  though  it  does,  at  the  fame  time,  preferve 
the  houfe.  Indeed,  in  the  conftruftion  of  an  inftru- 
ment  fo  new,  and  of  which  we  could  have  fo  little 
experience,  it  is  rather  lucky  that  we  fhould  at  firft  be 
fo  near  the  truth  as  we  feem  to  be,  and  commit  fo  few 
errors. 

There  is  another  reafon  for  finking  deeper  the  lower 
end  of  the  rod,  and  alfo  for  turning  it  outwards  under 
ground  to  fome  diftance  from  the  foundation  ;  it  is 
this,  that  water  dripping  from  the  eaves  falls  near  the 
foundation,  and  fometimes  foaks  down  there  in  greater 
quantities  fo  as  to  come  near  the  end  of  the  rod,  though 
the  ground  about  it  be  drier.  In  fuch  cafe,  this  water 
may  be  exploded,  that  is,  blown  into  vapour,  whereby 
a  force  is  generated  that  may  damage  the  foundation. 
Water  reduced  to  vapour,  is  faid  to  occupy  14,000 
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times  its  former  fpace. — I  have  fent  a  charge  through 
a  fmall  glafs  tube,  that  has  borne  it  well  while  empty, 
but  when  filled  firft  with  water,  was  fliattered  to 
pieces,  and  driven  all  about  the  room  Finding  no 
part  of  the  water  on  the  table,  I  fufpeCted  it  to  have 
been  reduced  to  vapour;  and  was  confirmed  in  that 
fufpicion  afterwards,  when  I  had  filled  a  like  piece  of 
tube  with  ink,  and  laid  it  on  a  flieet  of  clean  paper, 
whereon,  after  the  explofion,  I  could  find  neither  any 
moifture  nor  any  fully  from  the  ink.  This  experiment 
of  the  explofion  of  water,  which  I  believe  was  firft 
made  by  that  moft  ingenious  electrician  father  Bccca- 
ria ,  may  account  for  what  we  fometimes  fee  in  a  tree 
ftruck  by  lightning,  when  part  of  it  is  reduced  to  fine 
fpliriters  like  a  broom;  the  fap  veflels  being  fo  many 
tubes  containing  a  watry  fluid,  which  when  reduced 
to  vapour,  rends  every  tube  lengthways.  And  perhaps 
it  is  this  rarefaftion  of  the  fluids  in  animal  bodies 
killed  by  lightning  or  eleCtricity,  that  by  feparating  its 
fibres,  renders  the  flefh  fo  tender,  and  apt  fo  much 
fooner  to  putrify.  I  think  too,  that  much  of  the  da¬ 
mage  done  by  lightning  to  ftone  and  brick  walls,  may 
fometimes  be  owing  to  the  explofion  of  water,  found, 
during  fhowers,  running  or  lodging  in  the  joints  or 
fmall  cavities  or  cracks  that  happen  to  be  in  the 
walls. 

Here  are  fome  electricians  that  recommend  knobs 
inftead  of  points  on  the  upper  end  of  the  rods,  from 
a  fuppofition  that  the  points  invite  the  ftroke.  It  is 
true,  that  points  draw  electricity  at  greater  diftances 
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in  the  gradual  filent  way  j— but  knobs  will  draw  at 
the  greateft  diftance  a  ftroke,  There  is  an  experi¬ 
ment  that  will  fettle  this,  Take  a  crooked  wire  of 
the  thicknefs  of  a  quill,  and  of  fUch  a  length  as  that 
one  end  of  it  being  applied  to  the  lower  part  of  a 
charged  bottle,  the  upper  may  be  brought  near  the 
ball  on  the  top  of  the  wire  that  is  in  the  bottle.  Let 
one  end  of  this  wire  be  furni filed  with  a  knob,  and 
the  other  be  gradually  tapered  to  a  fine  point.  When 
the  point  is  prefented  to  difcharge  the  bottle,  it  muft 
be  brought  much  nearer  before  it.  will  receive  the 
ftroke,  than  the  knob  requires  to  be.  Points  befides 
tend  to  repel  the  fragments  of  an  electrifed  cloud, 
knobs  draw  them  nearer.  An  experiment  which  I  be¬ 
lieve  I  have  fiiewn  you,  of  a  cotton  fleece  hanging  from 
an  eiedtrifed  body,  fhews  this  clearly  when  a  point  or 
knob  is  prefented  under  it. 

You  feem  to  think  highly  of  the  importance  of  this 
difcovery,  as  do  many  others  on  our  fide  of  the  water. 
Here  it  is  very  little  regarded $  fo  little,  that  though  it 
is  now  feven  or  eight  years  fince  it  was  made  publick, 
I  have  not  heard  of  a  Angle  houfe  as  yet  attempted  to 
be  fecured  by  it.  It  is  true  the  mifchiefs  done  by 
lightning  are  not  fo  frequent  here  as  with  us,  and 
thofe  who  calculate  chances  may  perhaps  find  that  not 
one  death,  (or  the  deftruction  of  one  houfe)  in  a  hun¬ 
dred  thoufand  happens  from  that  caufe,  and  that 
therefore  it  is  fcarce  worth  while  to  be  at  any  expence 
to  guard  againft  it.-— But  in  all  countries  there  are  par¬ 
ticular  fituations  of  buildings  more  expofed  than 

others 
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others  to  fuch  accidents,  and  there  are  minds  fo  ftrongly 
impreffed  with  the  apprehenfion  of  them,  as  to  be  very 
unhappy  every  time  a  little  thunder  is  within  their 
hearing  5 — it  may  therefore  be  well  to  render  this  little 
piece  of  new  knowledge  as  general  and  as  well  un- 
derftood  as  poffible,  fmce  to  make  us  fafe  is  not  all  its 
advantage,  it  is  fome  to  make  us  eafy.  And  as  the 
ftroke  it  fecures  us  from  might  have  chanced  perhaps 
but  once  in  our  lives,  while  it  may  relieve  us  a  hundred 
times  from  thofe  painful  apprehenfions,  the  latter  may 
poffibly  on  the  whole  contribute  more  to  the  happi- 
nefs  of  mankind  than  the  former. 

Your  kind  wilhes  and  congratulations  are  very  oblig¬ 
ing.  I  return  them  cordially  5 — being  with  great  re¬ 
gard  and  efteem, 

My  dear  Sir, 

Your  affe&ionate  friend, 
and  mod  obedient  humble  fervant, 

r-  >  -  ' 

»  -  ^7  s/  o ^  •  *  '  ( 

i.  ...  .  B.  F. 
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Accounts  from  Carolina  ( mentioned  in  the  fore¬ 
going  Letter)  bt  die  Effects  of  Lightning  on 
two  of  the  Rods  commonly  affixed  to  Houfes 
.  there,  for  fecuring  thern/agauift  Lightning. 

rr  c t U d r.lr(V)  r> i o d w  1  ;•  ih  n  ■  >  i d i i ?  •  • . : 
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'Chafks.- lhwn.y  Nov.  1  > o  1,7 60 . 
cc  - — — It  is  fome ;  yearns  finc&:  Mr.*  Raven's  *¥d& ?  w as 
flruck  by  lightning,  I  hear  an  account  of  it  was  pub- 
lifhed  at  the  time,  but  I  cannot  find  it  According 
to  the  beft  information  I  can  Mow  get,  he  had  fixed 
to  the  outfide  of  his  chimney  a  large  iron  rod,  feveral 
feet  in  length,  reaching  above  the  chimney  5  and  to 
the  top  of  this  rod  the  paints  w, ere  fixed.  From  the 
lower  end  of  this  rod,  a  fmall  brafs  wire  was  conti¬ 
nued  down  to  the  top  of  another  iron  rod  driven  into 
the  earth.  On  the  ground-floor  in  the  chimney  flood 
a  gun,  leaning  againft  the  back  wall,  nearly  oppofite 
to  where  the  brafs  wire  came  down  on  the  outfide, 
The  lightning  fell  upon  the  points,  did  no  damage  to 
the  rod  they  were  fixed  to ;  but  the  brafs  wire,  all  down 
till  it  came  oppofite  to  the  top  of  the  gun-barrel,  was 
deftroyed  There  the  lightning  made  a  hole  through 

*  A  proof-that  it  was  not  of  fufficient  fubftance  to  condudf  with  fafety  to 
Itfelf  (tho’  with  fafety  fo  far  to  the  wall)  fo  large  a  quantity  of  the  electric 
£uid. 

the 


/ 


the  wall  or  back  of  the  chimney,  to  get  to  the  gun- 
barrel  *,  down  which  it  feems  to  have  palled,  as,  al¬ 
though  it  did  not  hurt  the  barrel,  it  damaged  the  butt 
of  the  ftock,  and  blew  up  fome  bricks  of  the  hearth. 
The  brafs  wire  below  the  hole  in  the  wall  remained 
good. — No  other  damage,  as  I  can  learn,  was  done  to 
the  houfe.— I  am  told  the  fame  houfe  had  formerly 
been  ftruck  by  lightning,  and  much  damaged,  before 
thefe  rods  were  invented.”— - 

f  ♦  *  ■ 

.  *-■■■ - . . . . 


LETTER  XL. 


Mr.  William  Maine's  Account  of  the  Effects  of 
Lightning  on  his  Rod,  dated  at  Indian  Land , 
in  South  Carolina ,  Aug.  28,  1760. 

- “  I  had  a  fet  of  ele£trical  points,  confifting 

of  three  prongs  of  large  brafs  wire  tipt  with  filver, 
and  perfectly  fharp,  each  about  feven  inches  long  ; 
thefe  were  riveted  at  equal  diftances  into  an  iron  nut, 
about  three  quarters  of  an  inch  fquare,  and  opened  at 
top  equally  to  the  diftance  of  fix  or  feven  inches  from 
point  to  point,  in  a  regular  triangle.  This  nut  was 
fcrewed  very  tight  on  the  top  of  an  iron  rod  of  above 
half  an  inch  diameter,  or  the  thicknefs  of  a  common 

*  A  more  fubflantial  conductor 
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curtain  rod,  compofed  of  feveral  joints,  annexed  by 
hooks  turned  at  the  end  at  each  joint,  and  the  whole 
fixed  to  the  chimney  of  my  houfe  by  iron  ftaples.  The 
points  were  elevated  (a)  fix  or  feven  inches  above  the 
top  of  the  chimney;  and  the  lower  joint  funk  three 
feet  in  the  earth,  in  a  perpendicular  diredtion. 

Thus  flood  the  points  on  Tuefday  lafl  about  five  in 
the  evening,  when  the  lightning  broke  with  a  violent 
explofton  on  the  chimney,  cut  the  rod  fquare  off  juft 
under  the  nutt,  and,  I  am  perfuaded,  melted  the  points, 
nutt,  and  top  of  the  rod,  entirely  up ;  as  after  the 
moft  diligent  fearch  nothing  of  either  was  found  (b)> 
and  the  top  of  the  remaining  rod  was  cafed  over  with 
a  congealed  folder.  The  lightning  ran  down  the  rod, 
ftarting  almoft  all  the  ftaples  (c)3  and  unhooking  the 
joints,  without  affefting  the  rod  ( d ),  except  on  the 
infide  of  each  hook  where  the  joints  were  coupled,  the 
furface  of  which  was  melted  (e),  and  left  as  cafed 
over  with  folder  .—No  part  of  the  chimney  was  dama¬ 
ged,  (f),  only  at  the  foundation  (g)>  where  it  was 
fhattered  almoft  quite  round,  and  feveral  bricks  were 
torn  out  (hj.  Confiderable  cavities  were  made  in  the 
earth  quite  round  the  foundation,  but  moft  within 
eight  or  nine  inches  of  the  rod.  It  alfo  fhattered  the 
bottom  weather-board  (ij,  at  one  corner  of  the  houfe, 
and  made  a  large  hole  in  the  earth  by  the  corner  pofh 
On  the  other  fide  of  the  chimney  it  ploughed  up  feve¬ 
ral  furrows  in  the  earth,  fome  yards  in  length.  It  ran 
down  the  infide  of  the  chimney  (k),  carrying  only  foot 
with  it ;  and  filled  the  whole  houfe  with  its  flalh  (l), 

fmoke. 
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fmoke,  and  duft.  It  tore  up  the  earth  in  feveral 
places  {m)y  and  broke  fome  pieces  of  china  in  the 
beaufet  (n).  A  copper  tea-kettle  (landing  in  the 
chimney  was  beat  together,  as  if  fome  great  weight 
had  fallen  upon  it  fo) ;  and  three  holes,  each  about 
half  an  inch  diameter,  melted  through  the  bottom 
(p).  What  feems  to  me  mod  furprifmg  is,  that  the 
hearth  under  the  kettle  was  not  Jhur.t,  yet  the  bottom 
of  the  kettle  was  drove  inward,  as  if  the  lightning 
proceeded  from  under  it  upwards  (q),  and  the  cover 
was  thrown  to  the  middle  of  the  floor  (r).  The  fire 
dogs,  an  iron  loggerhead,  an  Indian  pot,  an  earthen 
cup,  and  a  cat,  were  all  in  the  chimney  at  the  time 
unhurt,  though  great  part  of  the  hearth  was  torn 
up  (J).  My  wife’s  After,  two  children,  and  a  Negro 
wench,  were  all  who  happened  to  be  in  the  houfe  at 
the  time :  The  firft,  and  one  child,  fat  within  five 
feet  of  the  chimney :  and  were  io  ftunned,  that  they 
never  faw  the  lightning  nor  heard  the  explofion.;  the 
wench,  with  the  other  child  in  her  arms,  fitting  at  a 
greater  diftance,  was  fenfible  of  both ;  though  every 
one  was  fo  ftunned  that  they  did  not  recover  for 
fome  time;  however  it  pleafed  God  that  no  farther 
milchief  enfued.  The  kitchen,  at  90  feet  diftance, 
was  full  of  Negroes,  who  were  all  fenfible  of  the 
ftiock ;  and  fome  of  them  tell  me,  that  they  felt  the 
rod  about  a  minute  after,  when  it  was  fo  hot  that 
they  could  not  bear  it  in  hand,” 
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Remarks. 

The  foregoing  very  fenfible  and  diftinCt  account 
may  afford  a  good  deal  of  inftruCtion  relating  to  the 
nature  and  effefts  of  lightning,  and  to  the  conftruc- 
tion  and  ufe  of  this  inftrument  for  averting  the  mif- 
chiefs  of  it. — Like  other  new  inftruments,  this  ap¬ 
pears'  to  have  been  at  firft  in  fome  refpefts  imperfeCl 3 
and  we  find  that  we  are,  in  this  as  in  others,  to  ex- 

i  > 

pe£t  improvement  from  experience  chiefly  :  But  there 
feems  to  be  nothing  in  the  account,  that  fhould  dif- 

♦  -  j  s 

courage  us  in  the  ufe  of  it  3  fince  at  the  fame  time 
that  its  imperfeftions  are  difcovered,  the  means  of 
removing  them  are  pretty  eafily  to  be  learnt  from  the 
circumftances  of  the  account  itfelf 5  and  its  utility 
upon  the  whole  is  manifefl:.  •  - 

One  intention  of  the  pointed  rod,  is,  to  prevent  a 
ftroke  of  lightning.  ( See  pages  134,  169.)  But  to 
have  a  better  chance  of  obtaining  this  end,  the  points 
fhould  not  be  too  near  to  the  top  of  the  chim¬ 
ney  or  higheft  part  of  the  building  to  which  they  are 
affixed,  but  fhould  be  extended  five  or  fix  feet  above 
it;  otherwife  their  operation  in  filently  drawing  off 
the  fire  (from  fuch  fragments  of  cloud  as  float  in  the 
air  between  the  great  body  of  cloud  and  the  earth) 
will  be  prevented.  For  the  experiment  with  the  lock 
of  cotton  hanging  below  the  electrified  prime-con- 
duftor,  ftiews,  that  a  finger  under  it,  being  a  blunt 
body,  extends  the  cotton,  drawing  its  lower  part 
downwards  3  when  a  needle  with  its  point  prefented 
to  the  cotton,  makes  it  fly  up  again  to  the  prime- 

conduftor 
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conductor;  and  that  this  effedt  is  ftrongeft,  when  as 
much  of  the  needle  as  poffible  appears  above  the  end 
of  the  finger ;  grows  weaker  as  the  needle  is  fhortened 
between  the  finger  and  thumb:  and  is  reduced  to  no- 
thing  when  only  a  fhort  part  below  the  point  appears 
above  the  finger.  Nov;  it:fee.nrs  the  points  of  Mr. 
Marne  s  rod  were  elevated  only  (a)  fix  or  J even  Riches 
above  the  top  of  the<  chimney  ;  whifh,  confidering  the 
bulk  of  the  chimney,  and  the  houfe,  was  too  fmall  an 
elevation.  For  the-grea^  body  of  matter  near  them 
would  hinder  their  being  eafily  brought  into  a  nega¬ 
tive  ftate  by  the  repulfive  power  of  the  eledfrifed 
cloud,  in  which  negative  ftate  .  it  is  that  they  attradt 
mo  ft  ifrongly  and  copioufly  ffie  electric  fluid  from 
other  bodies,  and  convey.  it  into  the  earth.  ; . ... 

(b) .  Nothing  .of  the  points,  could  be  found-  This 
is  a  common  effedt.  (See  page  1-70. )  Where  the  quan¬ 
tity  pf  the  electric /fluid  palling  is  too  great  for  the 
conduct or  through  which  it  paiTe.s, .  the  metal  is  either 
melted,  or  reduced  to  fmoke  and  ,diffipated  ;  but  where 
the  cqndudtor  is  luificiently  large,  the  fluid  palfes  in 

•  •  *  s*  •*’ 

it  without  hurting  it,.  Thus  there  three  wires  were 

¥U  -  j  . 

dpftroyed,  while  the.  rod  to  Much  they  w.erp^fixed, 
being:  rdf  greater  fubftapcp,  rcpaaiped  unhurt';  its  end 
only,  to  which  they  were  joinedf  being  a  little  melted, 
.fome  of  the  melted  part  of  the  lower  ends  of  thofe 
wires,  umUug  with  it,,  and  appearing  on  it  like  folder. 

(c) .fdj  (ej  As  the  feveral  parts  of  the  rod  were 
.eonnedted  airly  by.  the  ends  being  bent  round  into 
.hooks,  .the  contact  between  hook  and  hook  was  much 

w»  1  4  t  4  W  f  ‘  •  i  *  r  -  ♦-  V*  .*  W  .4  >  ^  4  J  •  * 
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fmaller  than  the  rod;  therefore  the  current  through 
the  metal  being  confined  in  thofe  narrow  paffages, 
melted  part  of  the  metal,  as  appeared  on  examining 
the  infide  of  each  hook.  Where  metal  is  melted  by 
lightning,  fome  part  of  it  is  generally  exploded ;  and 
thefe  explofions  in  the  joints  appear  to  have  been 
the  caufe  of  unhooking  them ;  and,  by  that  violent 
aflion,  of  flatting  alfo  mo  ft  of  the  ftaples.  We 
learn  from  hence,  that  a  rod  in  one  continued  piece 
is  preferable  to  one  compofed  of  links  or  parts  hooked 
together. 

(f)  No  part  of  the  chimney  was  damaged ;  becaufe  the 
lightning  paffed  in  the  rod.  And  this  inftance  agrees 
with  others  in  (hewing,  that  the  fecond  and  principal 
intention  of  the  rods  is  obtainable,  viz.  that  of  con¬ 
ducing  the  lightning.  In  all  the  inftances  yet  known 
of  the  lightning’s  falling  on  any  houfe  guarded  by 
rods,  it  has  pitched  down  upon  the  point  of  the  rod ; 
and  has  not  fallen  upon  any  other  part  of  the  houfe. 
Had  the  lightning  fallen  on  this  chimney,  unfur- 
nifhed  with  a  rod,  it  would  probably  have  rent  it 
from  top  to  bottom,  as  we  fee,  by  the  effefts  of  the 
lightning  on  the  points  and  rod,  that  its  quantity 
was  very  great;  and  we  know  that  many  chimnies 
have  been  feen  fo  demolifhed.  But  no  part  of  this  was 
damaged ,  only  (f)  (g)  (h)  at  the  foundation ,  where  it  was 
Jhattered  and  fever al  bricks  torn  out .  Here  we  learn  the 
principal  defefl  in  fixing  this  rod.  The  lower  joint 
being  funk  but  three  feet  into  the  earth,  did  not  it 
feems  go  low  enough  to  come  at  water,  or  a  large 

body 
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body  of  earth  fo  moift  as  to  receive  readily  from  its 
end  the  quantity  it  conduced.  The  electric  fluid 
therefore  thus  accumulated  near  the  lower  end  of  the 
rod,  quitted  it  at  the  furface  of  the  earth,  dividing  in 
fearch  ot  other  paflages.  Part  of  it  tore  up  the  fur- 
face  in  furrows,  and  made  holes  in  it:  Part  entered 
the  bricks  of  the  foundation,  and  the  weather-board, 
( 1 )  which  being  near  the  earth  are  generally  moift, 
and,  in  exploding  that  moifture,  (flattered  them.  (See 
page  423.)  Part  went  through  or  under  the  founda¬ 
tion,  and  got  under  the  hearth,  blowing  up  great 
part  of  the  bricks  (m)  (f)y  and  producing  other 
effefts  ( 0)  (p)  (q)  ( r ).  The  iron  dogs,  loggerhead 
and  iron  pot  were  not  hurt,  being  of  lufficient  fub- 
fiance,  and  they  probably  protected  the  cat.  The 
copper  tea-kettle  being  thin,  buffered  fome  damage. 
Perhaps,  though  found  on  a  found  part  of  the  hearth, 
it  might  at  the  time  of  the  ftroke  have  ftood  on  the 
part  blown  up,  which  will  account  both  for  the 
bruiting  and  melting. 

That  it  ran  down  the  injide  of  the  chimney  (k)  I  appre¬ 
hend  muff  be  a  milfake.  Had  it  done  fo,  I  imagine 
it  would  have  brought  fomething  more  than  foot  with 
it ;  it  would  probably  have  ripped  off  the  pargetting, 
and  brought  down  fragments  of  plaifter  and  bricks. 
The  (hake,  from  the  explofion  on  the  rod,  was  fuf- 
ficient  to  fhake  down  a  good  deal  of  loofe  foot. 
Lightning  does  not  uiually  enter  houfes  by  the  doors, 
windows,  or  chimnies,  as  open  paflages,  in  the  man¬ 
ner  that  air  enters  them :  Its  nature  is,  to  be  attracted 
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by  fubftances,  that  are  condu£tors  of  elefrricity ;  it 
penetrates  and  paffes  in  them,  and,  if  they  are  not 
good  condu&ors,  as  are  neither  wood,  brick,  ftone 
nor  plaifter,  it  is  apt  to  rend  them  in  its  paffage.  It 
would  not  eafily  pafs  through  the  air  from  a  cloud  to 
a  building,  were  it  not  for  the  aid  afforded  it  in  its 
paffage  by  intervening  fragments  of  clouds  below  the 
main  body,  or  by  the  falling  raiit. 

It  is  faid  that  the  houfe  was  filled  with  its  fiafh  ( l )» 
Expreffions  like  this  are  common  in  accounts  of  the 
effects  of  lightning,  from  which  we  are  apt  to  under- 
Hand  that  the  lightning  filled  the  houfe.  Our  lan¬ 
guage  indeed  feems  to  want  a  word  to  exprefs  the 
light  of  lightning  as  diftinft  from  the  lightning  itfelf. 
When  a  tree  on  a  hill  is  ftruck  by  it,  the  lightning  of 
that  ifroke  exifts  only  in  a  narrow  vein  between  the 
cloud  and  tree,  but  its  light  fills  a  vaft  fpace  many 
miles  round ;  and  people  at  the  greateft  diftance  from 
it  are  apt  to  fay,  C£  the  lightning  came  into  our  rooms 
through  our  windows.”  As  it  is  in  itfelf  extremely 
bright,  it  cannot,  when  fo  near  as  to  ftrike  a  houfe, 
fail  illuminating  highly  every  room  in  it  through  the 
windows  5  and  this  I  fuppofe  to  have  been  the  cafe  at 
Mr.  Maine  s  ;  and  that,  except  in  and  near  the  hearth, 
from  the  caufes  above-mentioned,  it  was  not  in  any 
other  part  of  the  houfe;  the  fiafij  meaning  no  more 
than  the  light  of  the  lightning. — It  is  for  want  of 
confidering  this  difference,  that  people  fuppofe  there 
is  a  kind  of  lightning  not  attended  with  thunder.  In 
fact  there  is  probably  a  loud  explofion  accompanying 

every 
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every  flafh  of  lightning,  and  at  the  fame  inftant  3--- 
but  as  found  travels  flower  than  light,  we  often  hear 
the  found  fome  feconds  of  time  after  having  feen  the 
light  3  and  as  found  does  not  travel  fo  far  as  light, 
we  fometimes  fee  the  light  at  a  diftance  too  great  to 
hear  the  found. 

(n)  The  breaking  fome  pieces  of  china  in  the  beaufet , 
may  neverthelefs  feem  to  indicate  that  the  lightning 
was  there:  But  as  there  is  no  mention  of  its  having 
hurt  any  part  of  the  beaufet,  or  of  the  walls  of  the 
houfe,  I  fhould  rather  afcribe  that  effect  to  the  con- 
cuffion  of  the  air,  or  Drake  of  the  houfe  by  the 
explofion. 

Thus,  to  me  it  appears,  that  the  houfe  and  its  in¬ 
habitants  were  faved  by  the  rod,  though  the  rod  itfelf 
was  unjointed  by  the  ftroke5  and  that,  if  it  had  been 
made  of  one  piece,  and  funk  deeper  in  the  earth,  or 
had  entered  the  earth  at  a  greater  diftance  from  the 
foundation,  the  mentioned  fmall  damages  (except  the 
melting  of  the  points)  would  not  have  happened. 


LETTER  XLI. 


Saturday ,  July  3,  1762. 

TO  try,  at  the  requeft  of  a  friend,  whether  amber 
finely  powdered  might  be  melted  and  run  to¬ 
gether  again  by  means  of  the  electric  fluid,  I  took  a 
piece  of  fmall  glafs  tube  about  2 1-  inches  long,  the 
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bore  about  '■&  of  an  inch  diameter,  the  glafs  itfelf 
about  the  fame  thicknefs ;  I  introduced  into  this 
tube  fome  powder  of  amber,  and  with  two  pieces  of 
wire  nearly  fitting  the  bore,  one  inferted  at  one  end, 
the  other  at  the  other,  I  rammed  the  powder  hard 
between  them  in  the  middle  of  the  tube,  where  it 
ftuck  faft,  and  was  in  length  about  half  an  inch. 
Then  leaving  the  wires  in  the  tube,  I  made  them  part 
of  the  eleCtric  circuit,  and  difcharged  through  them 
three  rows  of  my  cafe  of  bottles.  The  event  was, 
that  the  glafs  was  broke  into  very  fmall  pieces  and 
thofe  difperfed  with  violence  in  all  directions.  As  I 
did  not  expeft  this,  I  had  not,  as  in  other  experi¬ 
ments,  laid  thick  paper  over  the  glafs  to  fave  my  eyes,t 
fo  feveral  of  the  pieces  (truck  my  face  fmartly,  and 
one  of  them  cut  my  lip  a  little  fo  as  to  make  it  bleed. 

I  could  find  no  part  of  the  amber  3  but  the  table 
where  the  tube  lay  was  ftained  very  black  in  fpots, 
fuch  as  might  be  made  by  a  thick  fmoke  forced  on  it 
by  a  blaft,  and  the  air  was  filled  with  a  ftrong  fmell, 
fomewhat  like  that  from  burnt  gunpowder.  Whence 
I  imagined,  that  the  amber  was  burnt,  and  had  ex¬ 
ploded  as  gunpowder  would  have  done  in  the  fame 
circumftances. 

That  I  might  better  fee  the  effeCt  on  the  amber,  I 
made  the  next  experiment  in  a  tube  formed  of  a  card 
rolled  up  and  bound  ftrongly  with  packthread.  Its 
bore  was  about  \  of  an  inch  diameter.  I  rammed 
powder  of  amber  into  this  as  I  had  done  in  the  other, 
and  as  the  quantity  of  amber  was  greater,  I  increafed 

the 


the  quantity  of  eledtric  fluid,  by  difcharging  through 
it  at  once  five  rows  of  my  bottles.  On  opening  the 
tube  I  found  that  fome  of  the  powder  had  exploded, 
an  impreflion  was  made  on  the  tube,  though  it  was  not 
burft,  and  molt  of  the  powder  remaining  was  turned 
black,  which  I  fuppofe  might  be  by  the  linoke  forced 
through  it  from  the  burnt  part:  Some  of  it  was  hard, 
but  as  it  powdered  again  when  prefled  by  the  fingers, 
I  fuppofe  that  hardnefs  not  to  arife  from  melting  any 
parts  in  it ,  but  merely  from  my  ramming  the  powder 
when  I  charged  the  tube.. 

B.  F.. 


LETTER  XLII. 

To  the  Rev.  Father  Beccaria. 

Rev ,  SIR,  London ,  July  13,  1762. 

1 

I  Once  promifed  myfelf  the  pleafure  of  feeing  you  at 
Turin ,  but  as  that  is  not  now  likely  to  happen, 
being  juft  about  returning  to  my  native  country, 
America ,  I  fit  down  to  take  leave  of  you  (among  others 
of  my  European  friends  that  I  cannot  fee)  by  writing. 

I  thank  you  for  the  honourable  mention  you  have’ 
fo  frequently  made  of  me  in  your  letters  to  Mr.  Collin - 
Jon  and  others,  for  the  generous  defence  you  undertook 

and, 
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and  executed  with  fo  much  fuccefs,  of  my  eletrical 
opinions 3  and  for  the  valuable  prefent  you  have  made 
me  of  your  new  work,  from  which  I  have  received 
great  information  and  pleafure.  I  with  I  could  in  re¬ 
turn  entertain  you  with  any  thing  new  of  mine  on 
that  fubjet  3  but  I  have  not  lately  purfued  it.  Nor 
do  I  know  of  any  one  here  that  is  at  prefent  much 
engaged  in  it. 

Perhaps,  however,  it  may  be  agreeable  to  you,  as 
you  live  in  a  mufical  country,  to  have  an  account  of 
the  new  inftrument  lately  added  here  to  the  great 
number  that  charming  fcience  was  before  pofleffed  of; 
——As  it  is  an  inftrument  that  feems  peculiarly  adapted 
to  Italian  mufic,  efpecially  that  of  the  foft  and  plain¬ 
tive  kind,  I  will  endeavour  to  give  you  fuch  a  defcrip- 
tion  of  it,  and  of  the  manner  of  conftruting  it,  that 
you,  or  any  of  your  friends,  may  be  enabled  to  imitate 
it,  if  you  incline  fo  to  do,  without  being  at  the  ex¬ 
pence  and  trouble  of  the  many  experiments  I  have 
made  in  endeavouring  to  bring  it  to  its  prefent  per¬ 
fection. 

You  have  doubtlefs  heard  the  fweet  tone  that  is 
drawn  from  a  drinking  glafs,  by  palling  a  wet  finger 
round  its  brim.  One  Mr.  Puckeridge ,  a  gentleman  from 
Ireland ,  was  the  firft  who  thought  of  playing  tunes, 
formed  of  thefe  tones.  He  collected  a  number  of 
glaffes  of  different  fizes,  fixed  them  near  each  other 
on  a  table,  and  tuned  them  by  putting  into  them 
water  more  or  lefs,  as  each  note  required.  The  tones 
were  brought  out  by  palling  his  fingers  round  their 

brims. 
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brims. — He  was  unfortunately  burnt  here,  with  his 
inftrument,  in  a  fire  which  confumed  the  houfe  he 
lived  in.  Mr.  E.  Delaval ,  a  mod:  ingenious  member 
of  our  Royal  Society,  made  one  in  imitation  of  it, 
with  a  better  choice  and  form  of  glades,  which  was 
the  firft  1  faw  or  heard.  Being  charmed  with  the 
fweetnefs  of  its  tones,  and  the  mudc  he  produced 
from  it,  I  widted  only  to  fee  the  glades  difpofed  in  a 
more  convenient  form,  and  brought  together  in  a  nar¬ 
rower  compafs,  fo  as  to  admit  of  a  greater  number 
of  tones,  and  all  within  reach  of  hand  to  a  perfon 
fitting  before  the  inftrument,  which  I  accomplifhed* 
after  various  intermediate  trials,  and  lefs  commodious 
forms,  both  of  glades  and  conftruction,  in  the  follow¬ 
ing  manner. 

The  glades  are  blown  as  near 
as  podible  in  the  form  of  hemif- 
pheres,  having  each  an  open  neck 
or  focket  in  the  middle.  The  thick- 
nefs  of  the  glafs  near  the  brim  about 
a  tenth  of  an  inch,  or  hardly  quite  fo 
much,  but  thicker  as  it  comes  nearer 
the  neck,  which  in  the  larged:  glades  is  about  an  inch 
deep,  and  an  inch  and  half  wide  within,  thefe  dimen- 
dons  ledening  as  the  glades  themfelves  diminidi  in 
dze,  except  that  the  neck  of  the  fmalleft  ought  not  to 
be  diorter  than  half  an  inch. — The  larged:  glafs  is  nine 
inches  diameter,  and  the  fmalleft  three  inches.  Between 
thefe  three  are  twenty-three  different  fizes,  differing 
from  each  other  a  quarter  of  an  inch  in  diameter.— 

To 
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To  make  a  fmgle  inftrument  there  (hould  be  at  lead 
fix  glaffes  blown  of  each  iize  ;  and  out  of  this  number 
one  may  probably  pick  37  glaffes,  (which  are  fufficient 
for  three  o£laves  with  all  the  femitones)  that  will  be 
each  either  the  note  one  wants  or  a  little  (harper  than 
that  note,  and  all  fitting  fo  well  into  each  other  as  to 
taper  pretty  regularly  from  the  iargeft  to  the  fmalleft. 
It  is  true  there  are  not  37  fizes,  but  it  often  happens 
that  two  of  the  fame  fize  differ  a  note  or  half  note 
in  tone,  by  reafon  of  a  difference  in  thicknefs,  and 
tliefe  may  be  placed  one  in  the  other  without  fenfibly 
hurting  the  regularity  of  the  taper  form. 

The  glaffes  being  chofen,  and  every  one  marked  with 
a  diamond  the  note  you  intend  it  for,  they  are  to  be 
tuned  by  diminifhing  the  thicknefs  of  thofe  that  are 
too  (harp.  This  is  done  by  grinding  them  round  from 
the  neck  towards  the  brim,  the  breadth  of  one  or  two 
inches,  as  may  be  required ;  often  trying  the  glafs  by 
a  well  tuned  harpfichord,  comparing  the  tone  drawn 
from  the  glafs  by  your  finger,  with  the  note  you  want, 
as  founded  by  that  fixing  of  the  harpfichord.  When 
you  come  near  the  matter,  be  careful  to  wipe  the  glafs 
clean  and  dry  before  each  .trial,  becaufe  the  tone  is 
fomething  flatter  when  the  glafs  is  wet,  than  it  will 
be  when  dry  5— and  grinding  a  very  little  between  each 
trial,  you  will  thereby  tune  to  great  exaftnefs.  The 
more  care  is  neceffary  in  this,  becaufe  if  you  go  below 
your  required  tone,  there  is  no  fharpening  it  again  but 
by  grinding  fomewhat  off  the  brim,  which  will  after¬ 
wards  require  polilhing,  and  thus  encreafe  the  trouble. 

The 
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The  glaffes  being  thus  tuned,  you  are  to  be  provided 
with  a  cafe  for  them,  and  a  fpindle  on  which  they  are 
to  be  fixed.  My  cafe  is  about  three  feet  long,  eleven 
inches  every  way  wide  within  at  the  biggeft  end,  and 
five  inches  at  the  fmalleft  end  •  for  it  tapers  all  the 
way,  to  adapt  it  better  to  the  conical  figure  of  the  fet 
of  glafles.  This  cafe  opens  in  the  middle  of  its  height, 
and  the  upper  part  turns  up  by  hinges  fixed  behind. 
The  fpindle,  which  is  of  hard  iron,  lies  horizontally 
from  end  to  end  of  the  box  within,  exaftly  in  the 
middle,  and  is  made  to  turn  on  brafs  gudgeons  at  each 
end.  It  is  round,  an  inch  diameter  at  the  thickeft 
end,  and  tapering  to  a  quarter  of  an  inch  at  the  final- 
left. — A  fquare  fhank  comes  from  its  thickeft  end  thro’ 
the  box,  on  which  fhank  a  wheel  is  fixed  by  a  fcrew. 
This  wheel  ferves  as  a  fly  to  make  the  motion  equable, 
when  the  fpindle,  with  the  glafles,  is  turned  by  the 
foot  like  a  fpinning-wheel.  My  wheel  is  of  mahogany, 
1 8  inches  diameter,  and  pretty  thick,  fo  as  to  conceal 
near  its  circumference  about  251b  of  lead. — An  ivory 
pin  is  fixed  in  the  face  of  this  wheel,  and  about  4  in¬ 
ches  from  the  axis.  Over  the  neck  of  this  pin  is  put 
the  loop  of  the  ft  ring  that  comes  up  from  the  move- 
able  ftep  to  give  it  motion.  The  cafe  ftands  on  a 
neat  frame  with  four  legs. 

To  fix  the  glafles  on  the  fpindle,  a  cork  is  firft  to 
be  fitted  in  each  neck  pretty  tight,  and  proje£ting  a 
little  without  the  neck,  that  the  neck  of  one  may  not 
touch  the  infide  of  another  when  put  together,  for 
that  would  make  a  jarring. — Thefe  corks  are  to  be 
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perforated  with  holes  of  different  diameters,  fo  as  to 
fuit  that  part  of  the  fpindle  on  which  they  are  to  be 
fixed.  When  a  glafs  is  put  on,  by  holding  it  ftiffiy 
between  both  hands,  while  another  turns  the  fpindle, 
it  may  be  gradually  brought  to  its  place.  But  care 
muff  be  taken  that  the  hole  be  not  too  imall,  left  in 
forcing  it  up  the  neck  fhould  fplit;  nor  too  large,  left 
the  glafs  not  being  firmly  fixed,  fhould  turn  or  move 
on  the  fpindle.,  fo  as  to  touch  and  jar  againft  its  neigh¬ 
bouring  glafs.  The  glaffes  thus  are  placed  one  in  ano¬ 
ther,  the  largeft  on  the  biggeftendnf  thefpindle  which 
is  to  the  left  hand  ;  the  neck  of  this  glafs  is  towards 
the  wheel,  and  the  next  goes  into  It  in  the  fame  pofi- 
tion,  only  about  an  inch  of  its  brim  appearing  beyond 
the  brim  of  the  firft;  thus  proceeding,  every  glafs 
when  fixed  fhews  about  an  inch  of  its  brim,  (or  three 
quarters  of  an  inch,  or  half  an  inch,  as  they  grow 
fmaller)  beyond  the  brim  of  the  glafs  that  contains  it  ; 
and  it  is  from  thefe  .expofed  parts  of  each  glafs  that 
the  tone  is  drawn,  by  laying  a  finger  upon  one  of  them 
as  the  fpindle  and  glaffes  turn  round. 

My  largeft  glafs  is  G,  a  little  below  the  reach  of  a 
common  voice,  and  my  higheft  G,  including  three 
compleat  o6taves.-~ To  diftinguifli  the  glaffes  the  more 
readily  to  the  eye,  I  have  painted  the  apparent  parts 
of  the  glaffes  within  fide,  every  femitone  white,  and 
fhe  other  notes  of  the  oftave  with  the  feven  prifmatic 
colours,  viz.  C,  red ;  D,  orange;  B,  yellow  ;  F,  green; 
G,  blue;  A,  Indigo;  B,  purple;  and  C,  red  again; — 
fo  that  glaffes  of  the  fame  colour  (the  white  excepted) 
are  always  oftaves  to  each  other. 
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This  inftrument  is  played  upon,  by  fitting  before 
the  middle  of  the  fet  of  glades  as  before  the  keys  of 
a  harpfichord,  turning  them  with  the  foot,  and  wetting 
them  now  and.  then  with  a  fpunge  and  clean  water. 
The  fingers  fhould  be  firft  a  little  foaked  in  water,  and 
quite  free  from  all  greafinefs;  a  little  fine  chalk  upon 
them  is  fometimes  ufeful,  to  make  them  catch  the  glafs 
and  bring  out  the  tone  more  readily.  Both  hands  are 
iVfedj  by  which  means  different  parts  are  played  toge¬ 
ther.-—  Obferve,  that  the  tones  are,  beft  drawn  out  when 
the  glaftes  turn  from  the  ends  of  the  fingers,  not  when 
they  turn  to  them. 

The  advantages  of  this  inftrument  are,  that  its  tones 
are  incomparably  fweet  beyond  thofe  of  any  other  ;  that 
they  may  be  fwelledand  foftened  at  pleafure  byftronger 
or  weaker  preftures  of  the  finger,  and  continued  to 
any  length ;  and  that  the  inftrument,  being  once  well 
tuned,  never  again  wants  tuning. 

In  honour  of  your  mufical  language,  I  have  bor¬ 
rowed  from  it  the  name  of  this  inftrument,  calling  it 

the  Armonlca . 
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With  great  efteem  and  refpeft,  I  am,  &c 
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LETTER  XLIII. 
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From  Profeflbr  Winthrop,  tb  B.  F.  ' ' 

.  ••  •  *  .  *  '  *  •  •  r  r'  V  t  f  M  •'x  t 

1  :  ‘  '  r.  ■■  «  U  i  >1  i  /  O  !  1/  u  »  •  A  •'  i  ii  »  >•  *  i 

'  ^  V 

■  »  '  -  -  r  /  •  i  '  f 

8  I  Ry  Cambridge .  Tsf.E.  Sept .  29,,  1762. 

THERE  is  an  obfervation  relating  to  eleftricity 
in  the  atmofphere,  which  feeme$ f  new-to  me, 

. .  .  ~  .  ’  J  1  ■  A I  1 1 J 

though  perhaps  it  will  not  to  you  :  Hpwever,  ^  wili 
venture  to  mention  it.  I  have  fome  points  on  the  top 
of  my  houfe,  and  the  wire  where  it  palfes  withirtifide 
the  houfe  is  furmihed  with  bells,  according  to  your 
method,  to  give  notice  of  the  palfage  of  the  eledtric 
fluid.  In  fummer  thefe  bells  generally”  ring  at  the  ap¬ 
proach  of  a  thunder  cloud;  but,  ceafe  .foon  after  it 
*  .  .  •  . 
begins  to  rain.  In  winter,  they  lometimes,  though 

not  very  often,  ring  while  it  is  fno  tying ;  .but  never, 
that  I  remember,  when  it  rams,  But  what  was  un~ 
expefted  to  me  was,  that,  though  the  bells  had  not 
rung  while  it  was  fnowing,  yet  the  next  day,  after  it 
had  done  fnowing,  and  the  weather  was  cleared  up ; 
while  the  fnow  was  driven  about  by  a  high  wind  at  W. 
or  N.  W.  the  bells  rung  for  feveral  hours  (though 
with  little  intermiflions)  as  brilkly  as  ever  I  knew 
them,  and  I  drew  confiderable  fparks  from  the  wire. 
This  phenomenon  I  never  obferved  but  twice,  viz .  on 
the  31ft  of  January ,  1760,  and  the  3d  of  March ,  1762. 

I  am.  Sir,  &c. 
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LETTER  XLIV. 


To  a  FRIEND. 


Dear  SIR ,  July  20,  1762. 

*  #  •  r  •  '  A  ■  ^  -4  *  .  «  .  >  ^4  «  ^ 

I  HAVE  perufed  your  paper  on  found,  and  would 
freely  mention  to  you,  as  you  defire  it,  every 
thing  that  appeared  to  me  to  need  correction - But 
nothing  of  that  kind  occurs  to  me,  unlefs  it  be,  where 
you  fpeak  of  the  air  as  £C  the  bejl  medium  for  convey- 
cc  ing  found.”  Perhaps  this  is  fpeaking  rather  too 
pofitively,  if  there  be,  as  I  think  there  are,  fome  other 
mediums  that  will  convey  it  farther  and  more  readily. 
— It  is  a  well-known  experiment,  that  the  fcratching 
of  a  pin  at  one  end  of  a  long  piece  of  timber,  may 
be  heard  by  an  ear  applied  near  the  other  end,  though 
it  could  not  be  heard  at  the  fame  diftance  through  the 
air. — And  two  ftones  being  ftruck  fmartly  together 
under  water,  the  ftroke  may  be  heard  at  a  greater 
diftance  by  an  ear  alfo  placed  under  water  in  the  fame 
river,  than  it  can  be  heard  through  the  air.  I 
think  I  have  heard  it  near  a  mile  ;  how  much  far¬ 
ther  it  may  be  heard,  I  know  not;  but  fuppofe  a 
great  deal  farther,  becaufe  the  found  did  not  feem 
faint,  as  if  at  a  diftance,  like  diftant  founds  through 
air,  but  fmart  and  ftrong,  and  as  if  prefent  juft  at 
t'j'j)  the 
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the  ear.— I  wifh  you  would  repeat  thefe  experiments 
now  you  are  upon  the  fubje£t,  and  add  your  own 
obfervations. — And  if  you  were  to  repeat,  with  your 
naturally  exa£t  attention  and  obfervation,  the  com¬ 
mon  experiment  of  the  bell  in  the  exhaufted  receiver, 
poffibly  fomething  new  may  occur  to  you,  in  con¬ 
sidering, 

1.  Whether  the  experiment  is  not  ambiguous;  i.  e. 
whether  the  gradual  exhaufting  of  the  air,  as  it  creates 
an  increafing  difference  of  preffure  on  the  outfide, 
may  not  occafion  in  the  glafs  a  difficulty  of  vibrating, 
that  renders  it  lefs  fit  to  communicate  to  the  air 
without,  the  vibrations  that  ftrike  it  from  within; 
and  the  diminution  of  the  found  arife  from  this  caufe, 
rather  than  from  the  diminution  of  the  air  ? 

2.  Whether,  as  the  particles  of  air  themfeives  are 
at  a  diftance  from  each  other,  there  muft  not  be  fome 
medium  between  them,  proper  for  conveying  founds 
fince  otherwife  it  would  flop  at  the  firft  particle  ? 

3.  Whether  the  great  difference  we  experience  in 
hearing  founds  at  a  diftance,  when  the  wind  blows 
towards  us  from  the  fonorous  body,  or  towards  that 
from  us,  can  be  well  accounted  for  by  adding  to  or 
fubftrafting  from  the  fwiftnefs  of  found,  the  degree 
of  fwiftnefs  that  is  in  the  wind  at  the  time  ?  The 
latter  is  fo  fmall  in  proportion,  that  it  feems  as  if  it 
could  fcarce  produce  any  fenfible  effeCt,  and  yet  the 
difference  is  very  great.  Does  not  this  give  fome 
hint,  as  if  there  might  be  a  fubtle  fluid,  the  con¬ 
ductor  of  found,  which  moves  at  different  times  in 

different 
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different  direffions  over  the  furface  of  the  earth,  and 
whofe  motion  may  perhaps  be  much  fwifter  than  that 
of  the  air  in  our  ftrongeft  winds ;  and  that  in  palling 
through  ..air,  it  may  communicate  that  motion  to  the 
air  which  we  call  wind,  though  a  motion  in  no  degree 
fo  fwift  as  its  owni 

4.  It  is  fomewhere  related,  that  a  piftol  fired  on 
the  top  of  an  exceeding  high  mountain,  made  a  noife 
like  thunder  in  the  valleys  below.  Perhaps  this  faff  is 
not  exaftly  related :  but  if  it  is,  would  not  one  ima¬ 
gine  from  it,  that  the  rarer  the  air,  the  greater  found 
might  be  produced  in  it  from  the  famecaufe? 

5.  Thofe  halls  of  fire  which  are  fometimas  feen 
palfing  over  a  country,  computed  by  philofophers  to 
be  often  30  miles  high  at  leaft,  fometimes  burfl  at 
.that  height;  the  air  muft  be  exceeding  rare  there,  and 
yet  the  explofion  produces  a  found  that  is  heard  at 
that  diftance,  and  for  70  miles  round  on  the  furface 
of  the  earth,  fo  violent  too  as  to  fhake  buildings,  and 
give  an  apprehenfion  of  an  earthquake.  Does  not 
this  look  as  if  a  rare  atmofphere,  almoft  a  vacuum, 
was  no  bad  conductor  of  found? 

I  have  not  made  up  my  own  mind  on  thefe  points, 
and  only  mention  them  for  your  confideration,  know¬ 
ing  that  every  fubjefit  is  the, better  for  your  handling  it. 

With  the  greateft  efieem ,  I  am,  &c,  B.  F, 
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To  Dr.  P.  in  L,o7idcn . 


S  I  Ry 


Philadelphia ,  Dec .  i,  1762. 


U  R I N  G  our  paffage  to  Madeira,  the  weather 


being  warm,  and  the  cabbin  windows  con- 


ftantly  open  for  the  benefit  of  the  air,  the  candles  at 
night  flared  and  run  very  much,  which  was  an  incon¬ 
venience.  At  Madeira  we  got  oil  to  bum,  and  with 
a  common  glafs  tumbler  or  beaker,  flung  in  wire, 
and  fufpended  to  the  deling  of  the  cabbin,  and  a 
little  wire  hoop  for  the  wick,  furnifhed  with  corks 
to  float  on  the  oil,  I  made  an  Italian  lamp,  that  gave 
us  very  good  light  all  over  the  table.— The  glafs  at 
bottom  contained  water  to  about  one  third  of  its 
height ;  another  third  was  taken  up  with  oil ;  the 
reft  was  left  empty  that  the  fides  of  the  glafs  might 
proted  the  flame  from  the  wind.  There  is  nothing 
remarkable  in  all  this  ;  but  what  follows  is  particular. 
At  fupper,  looking  on  the  lamp,  I  remarked,  that 
though  the  furface  of  the  oil  was  perfedly  tranquil, 
and  duly  preferved  its  pofition  and  diftance  with  re¬ 
gard  to  the  brim  of  the  glafs,  the  water  under  the 
oil  was  in  great  commotion,  rifing  and  falling  in  irre¬ 
gular  waves,  which  continued  during  the  whole  even¬ 


ing. 


ing.  The  lamp  was  kept  burning  as  a  watch  ligh  tall 
night,  till  the  oil  was  fpent,  and  the  water  only  re¬ 
mained.  In  the  morning  1  obferved,  that  though  the 
motion  of  the  fhip  continued  the  fame,  the  water  was 
now  quiet,  and  its  furface  as  tranquil  as  that  of  the 
oil  had  been  the  evening  before.  At  night  again, 
when  oil  was  put  upon  it,  the  water  refumed  its  irre¬ 
gular  motions,  rifing  in  high  waves  almoft  to  the  fur- 
face  of  the  oil,  but  without  diflurbing  the  fmooth 
level  of  that  furface.  And  this  was  repeated  every 
day  during  the  voyage. 

Since  my  arrival  in  America,  I  have  repeated  the 
experiment  frequentlv  thus.  I  have  put  a  pack-thread 
round  a  tumbler,  with  firings  of  the  fame,  from  each 
fide,  meeting  above  it  in  a  knot  at  about  a  foot 
diflance  from  the  top  of  the  tumbler.  Then  putting 
in  as  much  water  as  would  fill  about  one  third  part  of 
the  tumbler,  I  lifted  it  up  by  the  knot,  and  fwung  it 
to  and  fro  in  the  air;  when  the  water  appeared  to 
keep  its  place  in  the  tumbler  as  fleadily  as  if  it  had 
been  ice.— But  pouring  gently  in  upon  the  water 
about  as  much  oil,  and  then  again  fwinging  it  in  the 
air  as  before,  the  tranquility  before  pofiefied  by  the 
water,  was  transferred  to  the  furface  of  the  oil,  and 
the  water  under  it  was  agitated  with  the  fame  com¬ 
motions  as  at  fea. 

I  have  (hewn  this  experiment  to  a  number  of  inge¬ 
nious  perfons.  Thole  who  are  but  (lightly  acquainted 
with  the  principles  of  hydroftatics,  &c.  are  apt  to 
fancy  immediately  that  they  underfland  it,  and  readily 
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attempt  to  explain  it ;  but  their  explanations  have 
been  different,  and  to  me  not  very  intelligible. — 
Others  more  deeply  fkilled  in  thofe  principles,  feem 
to  wonder  at  it,  and  promife  to  confider  it.  And  I 
think  it  is  worth  confidering:  For  a  new  appearance, 
if  it  cannot  be  explained  by  our  old  principles,  may 
afford  us  new  ones,  of  ufe  perhaps  in  explaining 
feme  other  obfcure  parts  of  natural  knowledge. 

i  « 

.  .•  <  1 

I  am ,  &c.  B.  F. 


LETTER  XL  VI. 


From  Mr.  A.  S.  to  B.  F, 


IH  AV  E  juft  recollefted  that  in  one  of  our  great 
.  ftorms  of  lightning,  I  faw  an  appearance,  which 
1  never  obferved  before,  nor  ever  heard  defcribed.  I 
am  perfuaded  that  I  faw  the  flafh  which  ftruck  St. 
Bride’s  fteeple.  Sitting  at  my  window,  and  looking 
to  the  north,  I  faw  what  appeared  to  me  a  folid 
ftreight  rod  of  fire,  moving  at  a  very  fharp  angle 
with  the  horizon.  It  appeared  to  my  eye  as  about 
two  inches  diameter,  and  had  nothing  of  the  zig-zag 
lightning  motion.  I  inftantly  told  a  per  fen  fitting 
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with  me,  that  feme  place  muft  be  ftruck  at  that  i n- 
ftant.  I  was  fo  much  luprized  at  the  vivid  diftinct 
appearance  of  the  fire,  that  I  did  not  hear  the  clap  of 
thunder,  which  ftunned  every  one  befides.  Confider- 
ing  how  low  it  moved,  I  could  not  have  thought  it 
had  gone  fo  far,  having  St.  Martin’s,  the  New  Church, 
and  St.  Clement’s  fteeples  in  its  way.  It  ftruck  the 
fteeple  a  good  way  from  the  top,  and  the  firft  impref- 
fion  it  made  in  the  fide  is  in  the  fame  direftion  I  faw 
it  move  in.  It  was  fucceeded  by  two  flafhes,  almoft 
united,  moving  in  a  pointed  direction.  There  were 
two  diftinct  houfes  ftruck  in  Effex-ftreet.  I  fhould 
have  thought  the  rod  would  have  fallen  in  Covent- 
garden,  it  was  fo  low.  Perhaps  the  appearance  is 
frequent,  though  never  before  feen  by 

Tours ,  A.  S. 


LETTER  X  L VII. 

♦ 

To  Mr.  P.  F.  Newport. 

* 

- You  may  acquaint  the  gentleman  that  defired 

you  to  enquire  my  opinion  of  the  beft  method  of 
fecuring  a  powder  magazine  from  lightning,  that  I 
think  they  cannot  do  better  than  to  ereft  a  maft  not 
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far  from  it,  which  may  reach  15  or  20  feet  above  the 
top  of  it,  with  a  thick  iron  rod  in  one  piece  fattened 
to  it,  pointed  at  the  higheft  end,  and  reaching  down 
through  the  earth  till  it  comes  to  water.  Iron  is  a 
cheap  metal  5  but  if  it  were  dearer,  as  this  is  a  pub- 
lick  thing,  the  expence  is  infignificant ;  therefore  I 
would  have  the  rod  at  leaft  an  inch  thick,  to  allow  for 
its  gradually  wafting  by  ruft ;  it  will  laft  as  long  as 
the  matt,  and  may  be  renewed  with  it.  The  fharp 
point  for  five  or  fix  inches  fhould  be  gilt. 

But  there  is  another  circumftance  of  importance  to 
the  ftrength,  goodnefs  and  ufefulnefs  of  the  powder, 
which  does  not  feem  to  have  been  enough  attended 
to:  I  mean  the  keeping  it  perfectly  dry.  For  want 
of  a  method  of  doing  this,  much  is  fpoilt  in  damp 
magazines,  and  much  fo  damaged  as  to  become  of 
little  value.-— If  inftead  of  barrels  it  were  kept  in 
cafes  of  bottles  well  corked  3  or  in  large  tin  canifters, 
with  fmall  covers  fhutting  clofe  by  means  of  oiled 
paper  between,  or  covering  the  joining  on  the  canifter; 
or  if  in  barrels,  then  the  barrels  lined  with  thin  fheet 
lead ;  no  moifture  in  either  of  thefe  methods  could 
poffibly  enter  the  powder,  fince  glafs  and  metals  are 
both  impervious  to  water. 

By  the  latter  of  thefe  means  you  fee  tea  is  brought 
dry  and  crifp  from  China  to  Europe,  and  thence  to 
America,  though  it  comes  all  the  way  by  fea  in  the 
damp  hold  of  a  fhip.  And  by  this  method,  grain, 
meal,  &c.  if  well  dried  before  it  is  put  up,  may  be 
kept  for  ages  found  and  good. 
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There  is  another  thing  very  proper  to  line  fmall 
barrels  with  ;  it  is  what  they  call  tin-foil,  or  leaf  tin, 
being  tin  mill’d  between  rollers  till  it  becomes  as  thin 
as  paper,  and  more  pliant,  at  the  fame  time  that  its 
texture  is  extremely  clofe.  It  may  be  applied  to  the 
wood  with  common  pafte,  made  with  boiling  water 
thickened  with  flour  ;  and  fo  laid  on,  will  lie  very 
clofe,  and  flick  well :  but  I  fhould  prefer  a  hard  fticky 
varnifh  for  that  purpofe,  made  of  linfeed  oil  much 
boiled.  The  heads  might  be  lined  feparately,  the  tin 
wrapping  a  little  round  their  edges.  The  barrel,  while 
the  lining  is  laid  on,  fhould  have  the  end  hoops  flack, 
fo  that  the  ftaves  ftanding  at  a  little  diftance  from  each 
other  may  admit  the  head  into  its  groove.  The  tin- 
foil  fhould  be  plyed  into  the  groove.  Then  one  head 
being  put  in,  and  that  end  hooped  tight,  the  barrel 
would  be  fit  to  receive  the  powder,  and  when  the  other 
head  is  put  in,  and  the  hoops  drove  up,  the  powder 
would  be  fafe  from  moifture  even  if  the  barrel  were 
kept  under  water.  This  tin-foil,  is  but  about  18  pence 
fterling  a  pound,  and  is  fo  extremely  thin,  that  I  ima¬ 
gine  a  pound  of  it  would  line  three  or  four  powder 
barrels. 

/  &c, 

B.  F., 

% 
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To  Mifs  $- - n,  at  Wanftead. 


Crcmen-Jlreet ,  May  17,  1760, 

Send  my  good  girl  the  books  I  mentioned  to 
her  laft  night,  I  beg  her  to  accept  of  them  as  a 
fmall  mark  of  my  efteem  and  friendfhip.  They  are 
written  in  the  familiar  eafy  manner  for  which  the 
French  are  fo  remarkable,  and  afford  a  good  deal  of 
philofophic  and  practical  knowledge,  unembarrafled 
with  the  dry  mathematics  ufed  by  more  exaft  reafoners, 
but  which  is  apt  to  difcourage  young  beginners. — I 
would  advife  you  to  read  with  a  pen  in  your  hand,  and 
enter  in  a  little  book  fhort  hints  of  what  you  find  that 
is  curious,  or  that  may  be  ufeful ;  for  this  will  be  the 
beft  method  of  imprinting  fuch  particulars  in  your 
memory,  where  they  will  be  ready,  either  for  praftice 
on  feme  future  occafion,  if  they  are  matters  of  utility, 
or  at  leaft  to  adorn  and  improve  your  converfation,  if 
they  are  rather  points  of  curiofity.— And,  as  many  of 
the  terms  of  fcience  are  fuch  as  you  cannot  have  met 
with  in  your  common  reading,  and  may  therefore  be 
unacquainted  with,  I  think  it  would  be  well  for  you 
to  have  a  goodD  idtionary  at  hand,  to  confult  imme¬ 
diately 
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diately  when  you  meet  with  a  word  you  do  not  com¬ 
prehend  the  precife  meaning  of.  This  may  at  firft 
feem  troublefome  and  interrupting  ;  but  ’tis  a  trouble 
that  will  daily  diminifh,  as  you  will  daily  find  lefs  and 
lcfs  occafion  for  your  Dictionary  as  you  become  more 
acquainted  with  the  terms ;  and  in  the  mean  time  you 
will  read  with  more  fatisfadlion  becaufe  with  more 
underflanding.— When  any  point  occurs  in  which  you 
would  be  glad  to  have  farther*  information  than  your 
book  affords  you,  I  beg  you  would  not  in  the  lead:  ap¬ 
prehend  that  I  fliould  think  it  a  trouble  to  receive  and 
anfwer  your  queftions.  It  will  be  a  pleafure,  and  no 
trouble.  For  though  I  may  not  be  able,  out  of  my 
own  little  flock  of  knowledge  to  afford  you  what  you 
require,  I  can  eafily  direft  you  to  the  books  where  it  may 
mod  readily  be  found.  Adieu,  and  believe  me  ever, 
my  dear  friend, 

Tours  affectionately, 

B.  Franklin. 


LETTER 
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To  the  fame. 

Craroen-Jlreet ,  June  1 i,  1760. 
VpIS  a  very  fenfible  queftion  you  afk,  how  the 

J,  air  can  affect  the  barometer,  when  its  opening 
appears  covered  with  wood  ?— If  indeed  it  was  fo  clofely 
covered  as  to  admit  of  no  communication  of  the  out¬ 
ward  air  to  the  furface  of  the  mercury,  the  change  of 
weight  in  the  air  could  not  poffibly  affect  it.  But  the 
lead  crevice,  is  fufficient  for  the  purpofe  ;  a  pin-hole 
would  do  the  bufxnefs.  And  if  you  could  look  behind 
the  frame  to  which  your  barometer  is  fixed,  you  would 
certainly  find  fome  final!  opening. 

There  are  indeed  fome  barometers  in  which  the 
body  of  mercury  at  the  lower  end  is  contained  in  a 
clofe  leather  bag,  and  fo  the  air  cannot  come  into  im¬ 
mediate  contact  with  the  mercury ;  yet  the  fame  effect 
is  produced.  For  the  leather  being  flexible,  when  the 
bag  is  prefled  by  any  additional  weight  of  air,  it  con¬ 
tracts,  and  the  mercury  is  forced  up  into  the  tube, — 
when  the  air  becomes  lighter,  and  its  preffure  lefs,  the 
weight  of  the  mercury  prevails,  and  it  defcends  again 
into  the  bag. 

Y our  oblervation  on  what  you  have  lately  read  con¬ 
cerning  infects  is  very  juft  and  folid*  Superficial  minds 

are 


457 


On  Philofophical  Suhje&s* 

are  apt  to  defpife  thofe  who  make  that  part  of  the 
creation  their  ftudy,  as  mere  triflers  ;  but  certainly  the 
world  has  been  much  obliged  to  them.  Under  the 
care  and  management  of  man,  the  labours  of  the 
little  Silkworm  afford  employment  and  fubfiftence  to 
thoufands  of  families,  and  become  an  immenfe  article 
of  commerce.  The  Bee,  too,  yields  us  its  delicious 
honey,  and  its  wax,  ufeful  to  a  multitude  of  purpofes. 
Another  infeft,  it  is  laid,  produces  the  Cochineal,  from 
whence  we  have  our  rich  fcarlet  dye.  The  ufefulnefs 
of  the  Cantharides,  or  Spanifh  flies,  in  medicine,  is 
known  to  all,  and  thoufands  owe  their  lives  to  that 
knowledge.  By  human  induftry  and  obfervation,  other 
properties  of  other  infefts  may  poffibly  be  hereafter 
difcovered,  and  of  equal  utility.  A  thorough  acquaint¬ 
ance  with  the  nature  of  thefe  little  creatures,  may 
alfo  enable  mankind  to  prevent  the  increafe  of  fuch  as 
are  noxious,  or  fecure  us  againft  the  mifchiefs  they 
occafion.  Thefe  things  doubtlefs  your  books  make 
mention  of  :  I  can  only  add  a  particular  late  inftance 
which  I  had  from  a  Swedifh  gentleman  of  good  cre¬ 
dit.— In  the  green  timber  intended  for  fhip-building  at 
the  king’s  yards  in  that  country,  a  kind  of  worms  were 
found,  which  every  year  became  more  numerous  and 
more  pernicious,  fo  that  the  fhips  were  greatly  da¬ 
maged  before  they  came  into  ufe.  The  king  fent  Lin¬ 
naeus,  the  great  naturalift,  from  Stockholm,  to  en¬ 
quire  into  the  affair,  and  fee  if  the  mifchief  was  capa¬ 
ble  of  any  remedy.  He  found,  on  examination,  that 
the  worm  was  produced  from  a  final  1  egg,  depofited  in 
the  little  roughneffes  on  the  furface  of  the  wood,  by  a 
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particular  kind;  of  fly  or  beetle  ;  from  whence  the 
worm,  as  foon  as  it  was  hatched,  began  to  eat  into  the 
fubftance  of  the  wood,  and  after  fome  time  came  out 
again  a  fly  of  the  parent  kind,  and  fo  the  fpecies  in- 
creafed.  The  feafon  in  which  the  fly  laid  its  eggs,  Lin- 
nxus  knew  to  be  about  a  fortnight  (I  think)  in  the 
month  of  May,  and  at  no  other  time  in  the  year.  He 
therefore  advifed,  that  fome  days  before  that  feafon, 
all  the  green  timber  fhould  be  thrown  into  the  water, 
and  kept  under  water  till  the  feafon  was  over.  Which 
being  done  by  the  king’s  order,  the  flies  miffing  their 
ufual  nefts,  could  not  increafe ;  and  the  fpecies  was 
either  deftroyed  or  went  elfewhere  ;  and  the  wood  was 
effedtually  preferved  5  for  after  the  firft  year,  it  became 
too  dry  and  hard  for  their  purpofe. 

There  is,  however,  a  prudent  moderation  to  be  ufed 
in  ftudies  of  this  kind.  The  knowledge  of  nature  may 
be  ornamental,  and  it  may  be  ufeful;  but  if  to  attain 
an  eminence  in  that,  we  negledt  the  knowledge  and 
practice  of  eflential  duties,  we  deferve  reprehenfion. 
For  there  is  no  rank  in  natural  knowledge  of  equal 
dignity  and  importance  of  that  of  being  a  good  parent, 
a  good  child,  a  good  hufband  or  wife,  a  good  neighbour 
or  friend,  a  good  fubjedt  or  citizen,  that  is,  in  fliort,  a 
good  chriftian.  Nicholas  Gimcrack,  therefore,  who 
negledted  the  care  of  his  family  to  purfue  butterflies, 
was  a  juft  objedt  of  ridicule,  and  we  muft  give  him 
up  as  fair  game  to  the  fatyrift. 

Adieu,  my  dear  friend,  and  believe  me  ever, 

Tours  affectionately ^ 

B.  Franklin. 
LETTER. 
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LETTER  L. 

To  the  Same. 

My  dear  Friend ,  London ,  Sept.  13,  1760. 

I  Have  your  agreeable  letter  from  Brifiol ,  which  I 
take  this  firft  leifure  hour  to  anfwer,  having  for 
fome  time  been  much  engaged  in  bufmefs. 

Your  firft  queftion,  What  is  the  reafon  the  water  at 
this  place ,  though  cold  at  the  Jpring ,  becomes  warm  by  pump¬ 
ing?  It  will  be  moft  prudent  in  me  to  forbear  attempt¬ 
ing  to  anfwer,  till,  by  a  more  circumftantial  account, 
you  affure  me  of  the  faft.  I  own  I  fliould  expert  that 
operation  'to  warm,  not  fo  much  the  water  pumped, 
as  the  perfon  pumping.-— The  rubbing  of  dry  folids  to¬ 
gether,  has  been  long  obferved  to  produce  heat ;  but 
the  like  effect  has  never  yet,  that  I  have  heard,  been 
produced  by  the  mere  agitation  of  fluids,  or  friftion 
of  fluids  with  folids.  Water  in  a  bottle  fliook  for 
hours  by  a  mill  hopper,  it  is  faid,  difcovered  no  fen- 
fible  addition  of  heat.  The  produftion  of  animal  heat 
by  exercife,  is  therefore  to  be  accounted  for  in  ano¬ 
ther  manner,  which  I  may  hereafter  endeavour  to 
make  you  acquainted  with. 

This  prudence  of  not  attempting  to  give  reafons 
before  one  is  fare  of  fafts,  I  learnt  from  one  of  your 

N  n  n  2  fex. 
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fex,  who,  as  Selden  tells  us,  being  in  company  with 
fome  gentlemen  that  were  viewing,  and  confidering 
fomething  which  they  called  a  Chinefe  fhoe,  and  dis¬ 
puting;  earneftly  about  the  manner  of  wearing  it,  and 
how  it  could  poffibly  be  put  on  5  put  in  her  word,  and 
faid  modeftly,  Gentlemen ,  are  yon  jure  it  is  a  fhoe  ? — 
Should  not  that  be  Jettled  firf  ? 

But  I  fhall  now  endeavour  to  explain  what  I  faid  to 
you  about  the  tide  in  rivers,  and  to  that  end  fhall 
make  a  figure,  which,  though  not  very  like  a  river,, 
may  ferve  to  convey  my  meaning. — Suppofe  a  canal 
140  miles  long,  communicating  at  one  end  with  the 
fea,  and  filled  therefore  with  fea  water.  I  chufe  a  ca¬ 
nal  at  firft,  rather  than  a  river,  to  throw  out  of  con- 
fideration  the  effects  produced  by  the  ftreams  of  frefh 
water  from  the  land,  the  inequality  in  breadth,  and 
the  crookednefs  of  courfes. 


E 


Let  A,  C,  be  the  head  of  the  canal  ^  C,  D,  the  bottom 
of  it ;  D,  F,  the  open  mouth  of  it  next  the  fea.  Let 
the  ftrait  pricked  line,  B,  G,  reprefent  low  water 
mark  the  whole  length  of  the  canal,  A,  F,  high  water 
mark:— Now  if  a  perfon  Handing  at  E,  and  obferving 
at  the  time  of  high  water  there,  that  the  canal  is 

quite 
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quite  full  at  that  place  up  to  the  line  E,  fhould  con¬ 
clude  that  the  canal  is  equally  full  to  the  fame  height 
from  end  to  end,  and  therefore  there  was  as  much 

more  water  come  into  the  canal  fince  it  was  down  at 

« 

low-water  mark,  as  would  be  included  in  the  oblong 

*  '  -  • 

fpace  A,  B,  G,  F,  he  would  be  greatly  miftaken.  For 
the  tide  is  a  Wave,  and  the  top  of  the  wave,  which 
makes  high  water,  as  well  as  every  other  lower  part,- 
is  progrellive;  and  it  is  high  water  fucceffively,  but 
not  at  the  fame  time,  in  all  the  feveral  points  be- 
tweiii  G,  F,  and  A,  B.— And  in  fuch  a  length  as  I 
have  mentioned  it  is  low  water  at  F,  G,  and  alfo  at 
A,  B,  at  or  near  the  fame  time  with  its  being  high 
water  at  E  ;  fo  that  the  furface  of  the  water  in  the 
canal,  during  that  fituation,  is  properly  reprefented 
by  the  curve  pricked  line  B,  E,  G.  And  on  the  other 
hand,  when  it  is  low  water  at  E,  H,  it  is  high  water 
both  at  F,  G,  and  at  A,  B,  at  or  near  the  fame  time  ; 
and  the  furface  would  then  be  defcribed  by  the  in¬ 
verted  curve  line,  A,  H,  F. 

In  this  view  of  the  cafe,  you  will  eafily  fee,  that 
there  muft  be  very  little  more  water  in  the  canal  at 
what  we  call  high  water,  than  there  is  at  low  water, 
thofe  terms  not  relating  to  the  whole  canal  at  the 
fame  time,  but  fucceffively  to  its  parts.  And  if  you 
fuppofe  the  canal  fix  times  as  long,  the  cafe  would 
not  vary  as  to  the  quantity  of  water  at  different  times 
of  the  tide ;  there  would  only  be  fix  waves  in  the 
canal  at  the  fame  time,  inftead  of  one,  and  the  hol¬ 
lows  in  the  water  would  be  equal  to  the  hills. 


That 


462  Letters  and  Papers 

That  this  is  not  mere  theory,  but  conformable  to 
fa£t,  we  know  by  our  long  rivers  in  America .  The 
Delaware ,  on  which  Philadelphia  ftands,  is  in  this  par¬ 
ticular  fimilar  to  the  canal  I  have  fuppofed  of  one 
wave:  For  when  it  is  high  water  at  the  Capes  or 
mouth  of  the  river,  it  is  alfo  high  water  at  Phila¬ 
delphia,  which  ftands  about  140  miles  from  the  fea; 
and  there  is  at  the  fame  time  a  low  water  in  the  mid¬ 
dle  between  the  two  high  waters  5  where,  when  it 
comes  to  be  high  water,  it  is  at  the  fame  time  low 
water  at  the  Capes  and  at  Philadelphia .  And  the  IcGiger 
rivers  have,  fome  a  wave  and  half,  fome  two,  three, 
or  four  waves,  according  to  their  length. — In  the 
ftiorter  rivers  of  this  ifland,  one  may  fee  the  fame 
thing  in  part :  for  inftance,  it  is  high  water  at 
Gravefend  an  hour  before  it  is  high  water  at  London 
Bridge ;  and  20  miles  below  Gravefend  an  hour  before 
it  is  high  water  at  Gravefend .  Therefore  at  the  time 
of  high  water  at  Gravefend  the  top  of  the  wave  is 
there,  and  the  water  is  then  not  fo  high  by  fome  feet 
where  the  top  of  the  wave  was  an  hour  before,  or 
where  it  will  be  an  hour  after,  as  it  is  juft  then  at 
Gravefend . 

Now  we  are  not  to  fuppofe,  that  becaufe  the  fwell 
or  top  of  the  wave  runs  at  the  rate  of  20  miles  an 
hour,  that  therefore  the  current  or  water  itfelf  of 
which  the  wave  is  compofed,  runs  at  that  rate.  Far 
from  it.  To  conceive  this  motion  of  a  wave,  make 
a  fmall  experiment  or  two.  Faften  one  end  of  a  cord 
in  a  window  near  the  top  of  a  houfe,  and  let  the 

i  other 
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other  end  come  down  to  the  ground ;  take  this  end  in 
hand,  and  you  may,  by  a  fu-dden  motion,  •  oocafion  a 
wave  in  the  cord  that  will  run  quite  up  to  the  win¬ 
dow  ;  but  though  the  wave  is  progrefllve  from-  vour 
hand  to  the  window,  the  parts  of  the  rope  do  not 
proceed  with  the  wave,  but  remain  where  they  were, 
except  only  that  kind  of  motion  that  produces  the 
wave. — So  if  you  throw  a  ftone  into  a  pond  of  water 
when  the  furface  is  (till  and  fmooth,  you  will  fee  a 
circular  wave  proceed  from  the  ftone  as  its  center, 
quite  to  the  fides  of  the  pond  ;  but  the  water  does 
not  proceed  with  the  wave,  it  only  rifes  and  falls  to 
form  it  in  the  different  parts  of  its  courfe ;  and  the 
waves  that  follow  the  firft,  all  make  ufe  of  the  fame 
water  with  their  predeceffors. 

But  a  wave  in  the  water  is  not  indeed  in  all  circum- 
ftances  exaftly  like  that  in  a  cord;  for  water  being  a 
fluid,  and  gravitating  to  the  earth,  it  naturally  runs 
from  a  higher  place  to  a  lower,  therefore  the  parts 
of  the  wave  in  water  do  actually  run  a  little  both 
ways  from  its  top  towards  its  lower  fides,  which  the 
parts  of  the  wave  in  the  cord  cannot  do.  Thus  when 
it  is  high  and  Handing  water  at  Gravefend ,  the  water 
20  miles  below  has  been  running  ebb,  or  towards  the 
lea  for  an  hour,  or  ever  fmce  it  was  high  water  there; 
but  the  water  at  London-Bridge  will  run  flood  or  from 
the  fea  yet  another  hour,  till  it  is  high  water,  or  the 
top  of  the  wave  arrives  at  that  bridge,  and  then  it 
will  have  run  ebb  an  hour  at  Gravefend ,  &c.  &c.  Now 
this  motion  of  the  water,  occasioned  only  by  its 

gravity,. 
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gravity,  or  tendency  to  run  from  a  higher  place  to  a 
lower,  is  by  no  means  fo  fwift  as  the  motion  of  the 
wave.  It  fcarce  exceeds  perhaps  two  miles  in  an 
hour.  If  it  went  as  the  wave  does  twenty  miles  an 
hour,  no  fhips  could  ride  at  anchor  in  fuch  a  ftream, 
nor  boats  row  againft  it. 

In  common  fpeech,  indeed,  this  current  of  the 
water  both  ways  from  the  top  of  the  wave  is  called 
the  tide  ;  thus  we  fay,  the  tide  runs  Jlrong ,  the  tide  runs 
at  the  rate  of  one ,  two,  or  three  miles  an  hour ,  &c.  and 
when  we  are  at  a  part  of  the  river  behind  the  top  of 
the  wave,  and  find  the  water  lower  than  high-water 
mark,  and  running  towards  the  fea  we  fay,  the  tide 
runs  ebb  ;  and  when  we  are  before  the  top  of  the 
wave,  and  find  the  water  higher  than  low-water  mark, 
and  running  from  the  fea,  we  fay,  the  tide  runs  flood 3 
but  thefe  expreflions  are  only  locally  proper;  for  a 
tide,  ftridtly  fpeaking,  is  one  whole  wave,  including  all 
its  parts  higher  and  lower;  and  thefe  waves  fucceed 
one  another  about  twice  in  24  hours. 

This  motion  of  the  water  occafioned  by  its  gravity, 
will  explain  to  you  why  the  water  near  the  mouths 
of  rivers  may  be  falter  at  high  water  than  at  low. 
Some  of  the  fait  water,  as  the  tide  wave  enters  the 
river,  runs  from  its  top  and  fore  fide,  and  mixes  with 
the  frefli,  and  alfo  pufiies  it  back  up  the  river. 

Suppofing  that  the  water  commonly  runs  during 
the  flood  at  the  rate  of  two  miles  in  an  hour,  and 
that  the  flood  runs  five  hours,  you  fee  that  it  can 
bring  at  moft  into  our  canal  only  a  quantity  of  water 

equal 
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equal  to  the  fpace  included  in  the  breadth  of  the 
canal,  ten  miles  of  its  length,  and  the  depth  between 
low  and  high-water  mark,  which  is  but  a  fourteenth 
part  of  what  would  be  neceffary  to  fill  all  the  fpace 
between  low  and  high-water  mark,  for  140  miles, 
the  whole  length  of  the  canal. 

And  indeed  filch  a  quantity  of  water  as  would  fill 
that  whole  fpace,  to  run  in  and  out  every  tide,  mult 
create  fo  outrageous  a  current  as  would  do  infinite 
damage  to  the  lhores,  fhipping,  &c.  and  make  the 
navigation  of  a  river  almoft  impracticable. 

I  have  made  this  letter  longer  than  I  intended,  and 
therefore  relerve  for  another  what  I  have  further  to 
lay  on  the  fubjeCl  of  tides  and  rivers.  I  fhall  now 
only  add,  that  I  have  not  been  exaCt  in  the  numbers, 
becaufe  I  would  avoid  perplexing  you  with  minute 
calculations,  my  defign  at  prefent  being  chiefly  to  give 
you  diftinct  and  clear  ideas  of  the  firft  principles. 

After  writing  fix  folio  pages  of  philofophy  to  a 
young  girl,  is  it  neceffary  to  finilh  fuch  a  letter  with 
a  compliment  ? — Is  not  fuch  a  letter  of  itfelf  a  com¬ 
pliment? — Does  it  not  ffy,  file  has  a  mind  thirfty 
after  knowledge,  and  capable  of  receiving  it ;  and 
that  the  mold  agreeable  things  one  can  write  to  her 
are  thofe  that  tend  to  the  improvement  of  her  under- 
ftanding  ? — It  does  indeed  fay  all  this,  but  then  it  is 
ftill  no  compliment ;  it  is  no  more  than  plain  honeft 
truth,  which  is  not  the  character  of  a  compliment. 
So  if  I  would  finilh  my  letter  in  the  mode,  I  fhould 

#  *  c 

yet  add  fomenting  that  means  nothing,  and  is  merely 

O  o  o  civil 
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civil  and  polite. — But  being  naturally  aukward  at 
every  circumftance  of  ceremony,  I  fhall  not  attempt 
it.  I  had  rather  conclude  abruptly  with  what  pleafes 
me  more  than  any  compliment  can  pleafe  you,  that  I 

am  allowed  to  fubfcribe  myfelf 

«  . 

Tour  affectionate  friend , 

B.  Franklin. 


LETTER  LI. 

1  ‘  f  .  j  ■  Jl  ;  ,i 

To  the  fame. 

v  .  *■  ■*  ~  *  *—  f  ■*-  *  *  -  4  3  e  •>  *  *•  > 

A/y  Friend \  Craven  fir,  Monday  March  30,  1761. 

,  .,•»  ^  ••  ^  \  •  /  /  f  '  ‘  t  »•  •  ]  ’.•  ;  • 

SUPPOSING  the  fa£t,  that  the  water  of  the 
well  at  Briftol  is  warmer  after  fometime  pumping* 
I  think  your  manner  of  accounting  for  that  increafed 
warmth  very  ingenious  and  probable.  It  did  not 
occur  to  me,  and  therefore  I  doubted  of  the  faft . 

You  are,  I  think,  quite  right  in  your  opinion,  that 
the  riling  of  the  tides  in  rivers  is  not  owing  to  the 

immediate 


immediate  influence  of  the  moon  on  the  rivers.  It  is 

'  '  *  1  *  *  1  *  •  *  »  j  JA  % 

rather  a  fubfequent  effedt  of  the  influence  of  the 
moon  on  the  lea,  and  does  not  make  its  appearance 
in  fome  rivers  till  the  moon  has  long  palled  by.  I 
have  not  exprefled  myfelf  clearly  if  you  have  under- 
flood  me  to  mean  othervvife.  You  know  I  have  men¬ 
tioned  it  as  a  facl,  that  there  are  in  fome  rivers  feveral 
tides  all  exifting  at  the  fame  time  3  that  is,  two,  three* 
or  more,  high-waters,  and  as  many  low-waters,  in 
different  parts  of  the  fame  river,  which  cannot  poffi- 
bly  be  all  effects  of  the  moon’s  immediate  action  on 
that  river  3  but  they  may  be  fubfequent  effects  of  her 
adtion  on  the  fea. 

In  the  enclofed  paper  you  will  find  my  fentiments 
on  feveral  points  relating  to  the  air,  and  the  evapora¬ 
tion  of  water.  It  is  Mr.  Collinfon’s  copy,  who  took 
it  from  one  I  fent  through  his  hands  to  a  correfpon- 
dent  in  France  fome  years  fince  3  I  have,  as  he  defired 
me,  corrected  the  miftakes  he  made  in  tranfcribing, 
and  mult  return  it  to  him  3  but  if  you  think  it  worth, 
while,  you  may  take  a  copy  of  it:  I  would  have  laved, 
you  any  trouble  of  that  kind,  but  had  not  time. 

Some  day  in  the  next  or  the  following  week,  I  pur- 
pofe  to  have  the  pleafure  of  feeing  you  at  JVanfiead  3 
I  fhall  accompany  your  good  mama  thither,  and  flay 
till  the  next  morning,  if  it  may  be  done  without  in¬ 
commoding  your  family  too  much.— We  may  then 
difcourfe  any  points  in  that  paper  that  do  not  feem 
clear  to  you  3  and  taking  a  walk  to  lord  Filney  s 
ponds,  make  a  few  experiments  there  to  explain  the 
I!)  O  o  o  2  nature 
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nature  of  the  tides  more  fully.  In  the  mean  time, 
believe  me  to  be,  with  the  higheft  efteem  and  regard, 
your  fmcerely  affectionate  friend, 


B.  Franklin. 


LETTER  LII. 


To  the  fame. 


Craven-Jlreet ,  Aug.  10/1761. 


T  E  are  to  fet  out  this  week  for  Holland ,  where 


V  V  we  may  poffibly  fpend  a  month,  but  purpofe 
to  be  at  home  again  before  the  coronation.  I  could 
not  go  without  taking  leave  of  you  by  a  line  at  leaft, 
when  I  am  fo  many  letters  in  your  debt. 

In  yours  of  May  19,  which  I  have  before  me,  you 
fpeak  of  the  eafe  with  which  fait  water  may  be  made 
frefh  by  diftillation,  fuppofmg  it  to  be,  as  I  had  faid, 
that  in  evaporation  the  air  would  take  up  water  but 
not  the  fait  that  was  mixed  with  it.  It  is  true  that 
diftilled  fea  water  will  not  be  fait,  but  there  are  other 


difagreeable 


difagreeable  qualities  that  rife  with  the  water  in  (lift il¬ 
lation  ;  which  indeed  feveral  befides  Dr.  Hales  have 
endeavoured  by  fome  means  to  prevent  ;  but  as  yet 
their  methods  have  not  been  brought  much  into  ufe. 

I  have  a  Angular  opinion  on  this  fubjeft,  which  I 
will  venture  to  communicate  to  you,  though  I  doubt 
you  will  rank  it  among  my  whims. — It  is  certain  that 
the  lkin  has  imbibing  as  well  as  dif charging  pores ;  wit- 
nefs  the  effefts  of  a  bliftering  plaifter,  &c.  I  have 
read  that  a  man  hired  by  a  phyfician  to  ftand  by  way 
of  experiment  in  the  open  air  naked  during  a  moift: 
night,  weighed  near  three  pounds  heavier  in  the  morn¬ 
ing.  I  have  often  obferved  myfelf,  that  however  thirfty 
I  may  have  been  before  going  into  the  water  to  fwim, 
I  am  never  long  fo  in  the  water.  Thefe  imbibing 
pores,  however,  are  very  fine,  perhaps  fine  enough  in 
filtring  to  feparate  fait  from  water;  for  though  I  have 
foaked  (by  fwimming,  when  a  boy)  feveral  hours  in 
the  day  for  feveral  days  fucceftively  in  fait  water,  I 
never  found  my  blood  and  juices  falted  by  that  means, 
fo  as  to  make  me  thirfty,  or  feel  a  fait  tafte  in  my 
mouth  :  And  it  is  remarkable  that  the  flefh  of  lea  fifh, 
though  bred  in  fait  water,  is  not  fait.— Hence  I  ima¬ 
gine  that  if  people  at  fea,  diftrefled  by  thirft  when 
their  frefh  water  is  unfortunately  fpent,  would  make 
bathing-tubs  of  their  empty  water  calks,  and  filling 
them  with  fea  water,  fit  in  them  an  hour  or  two  each 
day,  they  might  be  greatly  relieved.  Perhaps  keeping 
their  cloaths  conftantlv  wet  might  have  an  almoft  equal 
eft  eft ;  and  this  without  danger  of  catching  cold.  Men 

do 
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do  not  catch  cold  by  wet  cloaths  at  fea.  Damp  but 
not  wet  linen  may  poffibly  give  colds  ;  but  no  one 
catches  cold  by  bathing,  and  no  cloaths  can  be  wetter 
than  water  itfelf.  Why  damp  cloaths  fhould  then 
occafion  colas,  is  a  curious  queftion,  the  difcuffion  of 
which  I  referve  for  a  future  letter,  or  fome  future  con- 

.  '  i  .  j  a  <1  *  i  j. 

verfation. 

Adieu,  my  little  philofopher.  Prefent  my  refpeftful 
compliments  to  the  good  ladies  your  aunts,  and  to 
mifs  Pitt  5  and  believe  me  ever 

Tour  affectionate  friend , 

and  humble  Servant , 

B.  Franklin. 


L  E  T  TER  LIII. 

*  *  *  *  -  *•  -  4.  J  #  A-  i  i.  r '  t  -  >  S  !  Je  .  .i  J  L  *  At  .  .  1  i.  .'V  tit*-.}  v  *  L  1 

To  the  fame. 

i 

.  r  V  *  i  - 

f  J-  t  *  v  ;  T  V:  ;  i.  ■  »  :  <  '  r  ;  .  i  >  t  f  ♦  f  \  f  r  r7"vf  f  - 

London ,  March  22,  1762- 

I,  t  - 

Muft  retract  the  charge  of  idlenefs  in  your  ftudies, 
when  I  find  you  have  gone  through  the  doubly 
difficult  talk  of  reading  fo  big  a  book,  on  an  abftrufe 
fubjeft,  and  in  a  foreign  language. 

In  anfwer  to  your  queftion  concerning  the  Leyden 
phial.-— The  hand  that  holds  the  bottle  receives  and 
conducts  away  the  eleftric  fluid  that  is  driven  out  of 
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the  outfide  by  the  repulfive  power  of  that  which  is 
forced  into  the  infide  of  the  bottle.  As  long  as  that 
power  remains  in  the  fame  fituation,  it  mull:  prevent 
the  return  of  what  it  had  expelled ;  though  the  hand 
would  readily  fupply  the  quantity  if  it  could  be  re¬ 
ceived. 

Tour  affectionate  friend , 

B.  Franklin. 


LETTER  LIV. 

To  the  Tame. 

*  a  t  t  *  *  •  ^  .  a  ♦  ^ l  *  m  *  * .  j  r  ^  .  ’  *  •  •  /  y  !  > 

/  r  1  ,  .  <  ,  -  ff  '‘ty*  ’  ,  r  •  •  •-  f  ^  •  •  *  *  .  I 

O  i 

Cravenfireet ,  Saturday  Evening,  paji  io. 

THE  queftion  you  afk  me  is  a  very  fenfible  one, 
and  I  fhall  be  glad  if  I  can  give  you  a  fatisfac- 
tory  anfwer.  There  are  two  ways  of  contracting  a 
chimney  ;  one,  by  contracting  the  opening  before  the 
fire ;  the  other,  by  contrafting  the  funnel  above  the 
fire.  If  the  funnel  above  the  fire  is  left  open  in  its 
full  dimenfions,  and  the  opening  before  the  fire  is  con¬ 
tracted  :  then  the  coals,  I  imagine,  will  burn  fatter, 
becaufe  more  air  is  direCted  through  the  fire,  and  in  a 
ftronger  ftream  ;  that  air  which  before  palled  over  it, 
and  on  each  fide  of  it,  now  pafling  thro  it.  This  is 
feen  in  narrow  ftove  chimneys,  when  a  facheverell  or 
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blower  is  ufed,  which  ftill  more  contracts  the  narrow 
opening.— -But  if  the  funnel  only  above  the  fire  is  con¬ 
tracted,  then,  as  a  lefs  ftream  of  air  is  palling  up  the 
chimney,  lefs  muffc  pafs  through  the  fire,  and  confe- 
quently  it  fliould  feem  that  the  confuming  of  the  coals 
would  rather  be  checked  than  augmented  by  fuch 
contraction.  And  this  will  alfo  be  the  cafe,  when 
both  the  opening  before  the  fire,  and  the  funnel  above 
the  fire  are  contracted,  provided  the  funnel  above  the 
fire  is  more  contracted  in  proportion  than  the  opening 
before  the  fire.— So  you  fee  I  think  you  had  the  belt 
of  the  argument ;  and  as  you  notwithffanding  gave  it 
up  in  complaifance  to  the  company,  I  think  you  had 
alfo  the  belt  of  the  difpute.  There  are  few,  though 
convinced,  that  know  how  to  give  up,  even  an  error, 
they  have  been  once  engaged  in  maintaining ;  there  is 
therefore  the  more  merit  in  dropping  a  conteft  where 
one  thinks  one’s  felf  right  ;  ’tis  at  leaft  refpeCtful  to 
thofe  we  converfe  with.  And  indeed  all  our  know¬ 
ledge  is  fo  imperfect,  and  we  are  from  a  thoufand 
caufes  fo  perpetually  fubjeCt  to  miftake  and  error,  that 
pofitivenefs  can  fcarce  ever  become  even  the  mofl 
knowing  ;  and  modefty  in  advancing  any  opinion, 
however  plain  and  true  we  may  fuppofe  it,  is  always 
decent,  and  generally  more  likely  to  procure  affent. 
Pope  s  Rule, 

Po  fpeak ,  though  fare,  with  feeming  diffidence . 

is  therefore  a  good  one  5  and  if  I  had  ever  feen  in  your 

converfatiom 
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converfation  the  leaft  deviation  from  it,  I  fhould 
earneftly  recommend  it  to  your  obfervation. 

I  am ,  &c. 

B.  Franklin* 


LETTER  LV. 

•  i 

To  Mr.  O.  N. 


Dear  SIR , 

I  Cannot  be  of  opinion  with  you  that  it  is  too  late 
in  life  for  you  to  learn  to  fwim.  The  river  near 
the  bottom  of  your  garden  affords  a  moft  convenient 
place  for  the  purpofe.  And  as  your  new  employment 
requires  your  being  often  on  the  water,  of  which  you 
have  fuch  a  dread,  I  think  you  would  do  well  to  make 
the  trial ;  nothing  being  fo  likely  to  remove  thofe  ap- 
prehenfions  as  the  confcioufnefs  of  an  ability  to  fwim 
to  the  fhore,  in  cafe  of  an  accident,  or  of  fupporting 
yourfelf  in  the  water  till  a  boat  could  come  to  take 
you  up. 

I  do 
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I  do  not  know  bow  far  corks  or  bladders  may  be 
nfeful  in  learning  to  fwim,  having  never  feen  much 
trial  of  them.  Pqffibly  they  may  be  of  fervice  in  fup- 
porting  the  body while  you  are  learning  what  is  called 
the  ftroke,  or<  that  manner  of  drawing  in  and  ftriking 
out  the  hands  and  feet  that  is  neceffary  to  produce 
progreffive  motion.  But  you  will  be  no  fwimmer  till 
you  can  place  fome  confidence  in  the  power  of  the 
water  to  fupport  you ;  1  would  therefore  advife  the 
acquiring  that  confidence  in  the  firft  place;  efpeciaily 
as  I  have  known  feveral  who,  by  a  little  of  the  prac¬ 
tice  neceffary  for  that  purpofe,  have  infenfibly  acquired 
the  ftroke,  taught  as  it  were  by  nature. 

The  practice  I  mean  is  this.  Chufing  a  place  where 
the  water  deepens  gradually,  walk  coolly  into  it  till  it 
is  up  to  your  breaft,  then  turn  round,  your  face  to 
the  fhore,  and  throw  an  egg  into  the  water  between 
you  and  the  fhore.  It  will  fink  to  the  bottom,  and  be 
eafily  feen  there,  as  your  water  is  clear.  It  muft  lie 
in  water  fo  deep  as  that  you  cannot  reach  it  to  take 
it  up  but  by  diving  for  it.  To  encourage  yourfelf  in 
order  to  do  this,  refleft  that  your  progrefs  will  be 
from  deeper  to  fhallower  water,  and  that  at  any  time 
you  may,  by  bringing  your  legs  under  you  and  (land¬ 
ing  on  the  bottom,  raife  your  head  far  above  the 
water.  Then  plunge  under  it  with  your  eyes  open, 
throwing  yourfelf  towards  the  egg,  and  endeavouring 
by  the  adlion  of  your  hands  and  feet  againft:  the  water 
to  get  forward  till  within  reach  of  it.  In  this  attempt 
you  will  find,  that  the  water  buoys  you  up  againft 

your 
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your  inclination  s  that  it  is  not  fo  eafy  a  thing  to  fink 
as  you  imagined ;  that  you  cannot,  but  by  active 
force,  get  down  to  the  egg.  Thus  you  feel  the  power 
of  the  water  to  fupport  you,  and  learn  to  confide  in 
that  powers  while  your  endeavours  to  overcome  it 
and  to  reach  the  egg,  teach  you  the  manner  of  acting 
on  the  water  with  your  feet  and  hands,  which  action 
is  afterwards  ufed  in  fwimming  to  fupport  your  head 
higher  above  water,  or  to  go  forward  through  it. 

I  would  the  more  earneflly  prefs  you  to  the  trial  of 
this  method,  becaufe,  though  I  think  I  fatistied  you 
that  your  body  is  lighter  than  water,  and  that  you 
might  float  in  it  a  long  time  with  your  mouth  free 
for  breathing,  if  you  would  put  yourfelf  in  a  proper 
pofture,  and  would  be  ftill  and  forbear  flrugglings 
yet  till  you  have  obtained  this  experimental  confidence 
in  the  water,  I  cannot  depend  on  your  having  the  ne- 
ceflary  prefence  of  mind  to  recollect  that  pofture  and 
the  dire&ions  I  gave  you  relating  to  it.  The  lurprize 
may  put  all  out  of  your  mind.  For  though  we  value 
ourfelves  on  being  reafonable  knowing  creatures,  rea- 
fon  and  knowledge  feem  on  fuch  occafions  to  be  of 
little  ufe  to  us  s  and  the  brutes  to  whom  we  allow' 
fcarce  a  glimmering  of  either,  appear  to  have  the 
advantage  of  us. 

I  will,  however,  take  this  opportunity  of  repeating 
thofe  particulars  to  you,  which  I  mentioned  in  our 
laft  converfation,  as  by  perilling  them  at  your  leifure, 
you  may  poffibly  imprint  them  fo  in  your  memory  as 
on  occafion  to  be  of  fome  ufe  to  you. 

P  p  p  2 


1.  That 
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1.  That  though  the  legs,  arms,  and  head,  of  a  hu¬ 
man  body,  being  folid  parts,  are.fpecifically  fomething 
heavier  than  frefh  water,  yet  the  trunk,  particularly 
the  upper  part,  from  its  hollownefs,  is  fo  much  lighter 
than  water,  as  that  the  wrhoie  of  the  body  taken  to¬ 
gether  is  too  light  to  fink  wholly  under  water,  but 
forne  part  will  remain  above,  until  the  lungs  become 
filled  with  water,  which  happens  from  drawing  water 
into  them  inftead  of  air,  when  a  perfon  in  the  fright 
attempts  breathing  while  the  mouth  and  noftrils  are 
under  water. 

2.  That  the  legs  and  arms  are  fpecificalTy  lighter 
than  falt-water,  and  will  be  fupported  by  it,  fo  that  a 
human  body  would  not  fink  in  falt-water,  though  the 
lungs  were  filled  as  above,  but  from  the  greater  fpe- 
cific  gravity  of  the  head. 

3.  That  therefore  a  perfon  throwing  himfelf  on  his 
back  in  falt-water,  and  extending  his  arms,  may  eafily 
lie  fo  as  to  keep  his  mouth  and  noftrils  free  for 
breathing;  and  by  a  fmall  motion  of  his  hands  may 
prevent  turning,  if  he  fhould  perceive  any  tendency 
to'  it. 

4.  That  in  frefli  water,  if  a  man  throws  himfelf 
on  his  back,  near  the  furface,  he  cannot  long  continue 
in  that  fituation  but  by  proper  action  of  his  hands  on 
the  water.  If  he  ufes  no  fuch  adtion,  the  legs  and 
lower  part  of  the  body  will  gradually  fink  till  he 
comes  into  an  upright  pofition,  in  which  he  will  con¬ 
tinue  fufpended,  the  hollow  of  the  breaft  keeping  the 
head  uppermoft. 


4.  But 
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5.  But  if  in  this  ereft  pofition,  the  head  is  kept 
upright  above  the  fhoulders,  as  when  we  ftand  on  the 
ground,  the  immerfion  will,  by  the  weight  of  that 
part  of  the  head  that  is  out  of  water,  reach  above 
the  mouth  and  noftrils,  perhaps  a  little  above  the 
eyes,  fo  that  a  man  cannot  long  remain  fufpended  in 
water  with  his  head  in  that  pofition. 

6.  The  body  continuing  fufpended  as  before,  and 
upright,  if  the  head  be  leaned  quite  back,  fo  that  the 
face  looks  upwards,  all  the  back  part  of  the  head 
being  then  under  water,  and  its  weight  confequenlly 
in  a  great  meafure  fupported  by  it,  the  face  will  re¬ 
main  above  water  quite  free  for  breathing,  will  rife  an 
inch  higher  every  infpiration,  and  fink  as  much,  every 
expiration,  but  never  fo  low  as  that  the  water  may 
come  over  the  mouth. 

7.  If  therefore  a  perfon  unacquainted  with  fwim- 
ming,  and  falling  accidentally  into  the  water,  could 
have  prefence  of  mind  fufficient  to  avoid  ftruggling 
and  plunging,  and  to  let  the  body  take  this  natural 
pofition,  he  might  continue  long  fafe  from  drowning 
till  perhaps  help  would  come.  For  as  to  the  cloaths, 
their  additional  weight  while  immerfed  is  very  incon- 
fiderable,  the  water  fupporting  it  5  though  when  he 
comes  out  of  the  water,  he  would  find  them  very 
heavy  indeed. 

But,  as  I  faid  before,  I  would  not  advife  you  or 
any  one  to  depend  on  having  this  prefence  of  mind 
on  fuch  an  occafion,  but  learn  fairly  to  fwim ;  as  I 
wifh  all  men  were  taught  to  do  in  their  youth ;  they 
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would,  on  many  occurrences,  be  the  fafer  for  having 
that  fkill,  and  on  many  more  the  happier,  as  freer 
from  painful  apprehenfions  of  danger,  to  fay  nothing 
of  the  enjoyment  in  fo  delightful  and  wholefome  an 
exercifei  Soldiers  particularly  fhould,  methinks,  ail 
be  taught  to  fwim ;  it  might  be  of  frequent  ufe  either 
in  furprifing  an  enemy,  or  faving  themfelves.  And  if 
1  had  now  boys  to  educate,  I  fhould  prefer  thofe 
fchools  (other  things  being  equal)  where  an  oppor¬ 
tunity  was  afforded  for  acquiring  fo  advantageous  an 
art,  which  once  learnt  is  never  forgotten, 

I  am 5  Sir,  &c. 

B,  R 


LETTER 
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LETTER  LVL 

.I  I  I  '  V'  jvj  .  .  )  i  l  I  i 

To  Mifs  S - n,  at  Wcuiileacl 

v- 

My  dear  Frie?id,  Sept .  20,  1761. 

IT  is,  as  you  obferved  in  our  laft  converfation,  a 
very  general  opinion,  that  all  rivers  ran  into  the  fea>% 
or  depofite  their  waters  there.  It  is  a  kind  of  auda¬ 
city  to  call  fuch  general  opinions  in  queftion,  and 
may  lubjeft  one  to  cenfure.  But  we  mull  hazard  fome- 
thing  in  what  we  think  the  caufe  of  truth:  And  if 
we  propofe  our  objections  modeftly,  we  fhall,  though 
miftaken,  deferve  a  cenfure  lefs  fevere,  than  when  we 
are  both  miftaken  and  infolent. 

That  fome  rivers  run  into  the  fea  is  beyond  a 
doubt :  Such,  for  inftance,  are  the  Amazones ,  and  I 
think  the  Oronoko  and  the  Miffijipi.  The  proof  is,  that 
their  waters  are  frefh  quite  to  the  fea,  and  out  to 
fome  diftance  from  the  land.  Our  queftion  is,  whe¬ 
ther  the  frefh  waters  of  thofe  rivers  whole  beds  are 
filled  with  falt-water  for  a  confiderable  diftance  up 
from  the  fea  (as  the  Thames,  the  Delaware,  and  the 
rivers  that  communicate  with  Cbefapeak-bay  in  Vir¬ 
ginia)  do  ever  arrive  at  the  fea?  And  as  I  fufpect 
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they  do  not,  I  am  now  to  acquaint  you  with  my  rea» 
fons;  or,  if  they  are  not  allowed  to  be  reafons,  my 
conceptions  at  leaft,  of  this  matter. 

The  common  fupply  of  rivers  is  from  fprings,  which 
draw  their  origin  from  rain  that  has  foaked  into  the 
earth.  The  union  of  a  number  of  fprings  forms  a 
river.  The  waters  as  they  run,  expofed  to  the  fun, 
air,  and  wind,  are  continually  evaporating.  Hence 
in  travelling  one  may  often  fee  where  a  river  runs,  by 
a  long  blueifh  mift  over  it,  though  we  are  at  fuch  a 
diftance  as  not  to  fee  the  river  itfelf.  The  quantity 
of  this  evaporation  is  greater  or  lefs,  in  proportion  to 
£he  furface  expofed  by  the  fame  quantity  of  water  to 
t-hofe  caufes  of  evaporation.  While  the  river  runs  in 
a  narrow  confined  channel  in  the  upper  hilly  country, 
only  a  fmall  furface  is  expofed ;  a  greater  as  the  river 
widens.  Now  if  a  river  ends  in  a  lake,  as  fome  do, 
whereby  its  waters  are  fpread  fo  wide  as  that  the  eva¬ 
poration  is  equal  to  the  fum  of  all  its  fprings,  that 
lake  will  never  over-flow And  if  inflead  of  ending 
in  a  lake,  it  was  drawn  into  greater  length  as  a  river, 
fo  as  to  expofe  a  furface  equal  in  the  whole  to  that 
lake,  the  evaporation  would  be  equal,  and  fuch  river 
would  end  as  a  canal  when  the  ignorant  might  fup- 
pofe,  as  they  actually  do  in  fuch  cafes,  that  the  river 
lofes  itfelf  by  running  under  ground,  whereas  in  truth 
it  has  run  up  into  the  air. 

Now,  many  rivers  that  are  open  to  the  fea,  widen 
much  before  they  arrive  at  it,  not  merely  by  the  addi¬ 
tional  waters  they  receive,  but  by  having  their  courfe 
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flopped  by  the  oppofing  flood-tide;  by  being  turned 
back  twice  in  twenty-four  hours,  and  by  finding 
broader  beds  in  the  low  flat  countries  to  dilate  them- 
felvcs  in  ;  hence  the  evaporation  of  the  frefti  water  is 
proportionably  increafed ;  fo  that  in  fome  rivers  it 
may  equal  the  fprings  of  fupply.  In  fucli  cafes,  the 
falt-water  comes  up  the  river,  and  meets  the  frefti  in 
that  part  where,  if  there  were  a  wall  or  bank  of  earth 
acrofs  from  fide  to  fide,  the  river  would  foim  a  lake, 
fuller  indeed  at  fome  times  than  at  others,  according 
to  the  feafons,  but  whofe  evaporation  would,  one  time 
with  another,  be  equal  to  its  fupply. 

When  the  communication  between  the  two  kinds  of 
water  is  open,  this  fuppofed  wall  of  feparation  may 
be  conceived  as  a  moveable  one,  which  is  not  only 
pufhed  fome  miles  higher  up  the  river  by  every  flood  * 
tide  from  the  fea,  and  carried  down  again  as  far  by 
every  tide  of  ebb,  but  which  has  even  this  fpace  of 
vibration  removed  nearer  to  the  fea  in  wet  feafons, 
when  the  fprings  and  brooks  in  the  upper  country  are 
augmented  by  the  falling  rains,  fo  as  to  fwell  the 
river,  and  farther  from  the  fea  in  dry  feafons. 

Within  a  few  miles  above  and  below  this  moveable 
line  of  feparation,  the  different  waters  mix  a  little, 
partly  by  their  motion  to  and  fro,  and  partly  from 
the  greater  fpecific  gravity  of  the  falt-water,  which 
inclines  it  to  run  under  the  frefti,  while  the  frefti 
water,  being  lighter,  runs  over  the  fait. 

Caft  your  eye  on  the  map  of  North- America,  and 
obferve  the  bay  of  CheJ apeak  in  Virginia ,  mentioned 
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above j  you  will  fee,  communicating  with  it  by  their 
mouths,  the  great  rivers  Safquehanah ,  Potowmack ,  Rap - 
pahanock ,  York ,  and  James ,  befides  a  number  of  fmaller 
ftreams,  each  as  big  as  the  Phames .  It  has  been  pro- 
pofed  by  philofophical  writers,  that  to  compute  how 
much  water  any  river  difcharges  into  the  fea,  in  a 
given  time,  we  fhould  meafure  its  depth  and  fwiftnefs 
at  any  part  above  the  tide ;  as,  for  the  Phames ,  at 
Kingjion  or  Windfor .  But  can  one  imagine,  that  if  all 
the  water  of  thofe  vaft  rivers  went  to  the  fea,  it  would 
not  firft  have  pufhed  the  falt-water  out  of  that  nar¬ 
row-mouthed  bay,  and  filled  it  with  frefli  ? — The  Saf¬ 
quehanah  alone  would  feem  to  be  fufficient  for  this,  if 
it  were  not  for  the  lofs  by  evaporation.  And  yet  that 
bay  is  fait  quite  up  to  Annapolis * 

As  to  our  other  fubjedl,  the  different  degrees  of 
heat  imbibed  from  the  fun’s  rays  by  cloths  of  different 
colours,  fmce  I  cannot  find  the  notes  of  my  experi¬ 
ment  to  fend  you,  I  muff  give  it  as  well  as  I  can  from 
memory. 

But  firft  let  me  mention  an  experiment  you  may 
eafily  make  yourfelf.  Walk  but  a  quarter  of  an  hour 
in  your  garden  when  the  fun  fhines,  with  a  part  of 
your  drefs  white,  and  a  part  black ;  then  apply  your 
hand  to  them  alternately,  and  you  will  find  a  very 
great  difference  in  their  warmth.  The  black  will  be 
quite  hot  to  the  touch,  the  white  ftill  cool. 

Another.  Try  to  fire  paper  with  a  burning  glafs. 
If  it  is  white,  you  will  not  eafily  bum  it  5 — but  if 

you 
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you  bring  the  focus  to  a  black  fpot,  or  upon  letters, 
written  or  printed,  the  paper  will  immediately  be  on 
fire  under  the  letters. 

Thus  fullers  and  dyers  find  black  cloths,  of  equal 
thicknefs  with  white  ones,  and  hung  out  equally  wet, 
dry  in  the  fun  much  fooner  than  the  white,  being 
more  readily  heated  by  the  fun’s  rays.  It  is  the  fame 
before  a  fire ;  the  heat  of  which  fooner  penetrates 
black  ftockings  than  white  ones,  and  fo  is  apt  fooner 
to  burn  a  man’s  fliins.  Alfo  beer  much  fooner  warms 
in  a  black  mug  fet  before  the  fire,  than  in  a  white 
one,  or  in  a  bright  filver  tankard. 

My  experiment  was  this.  I  took  a  number  of  little 
fquare  pieces  of  broad  cloth  from  a  taylor’s  pattern 
card,  of  various  colours.  There  were  black,  deep 
blue,  lighter  blue,  green,  purple,  red,  yellow,  white, 
and  other  colours,  or  fhades  of  colours.  I  laid  them 
all  out  upon  the  fnow  in  a  bright  fun-fhiny  morning. 
In  a  few  hours  (I  cannot  now  be  exaft  as  to  the  time) 
the  black  being  warmed  mod  by  the  fun,  was  funk  fo 
low  as  to  be  below  the  ftroke  of  the  fun’s  rays  the 
dark  blue  almoft  as  low,  the  lighter  blue  not  quite  fo 
much  as  the  dark,  the  other  colours  lefs  as  they  were 
lighter ;  and  the  quite  white  remained  on  the  furface 
of  the  fnow  not  having  entered  it  at  all. 

What  fignifies  philofophy  that  does  not  apply  to 
fome  ufe  ? — May  we  not  learn  from  hence,  that  black 
cloaths  are  not  fo  fit  to  wear  in  a  hot  funny  climate 
or  feafon,  as  white  ones  ;  becaufe  in  fuch  cloaths  the 
body  is  more  heated  by  the  fun  when  we  walk  abroad, 
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and  we  are  at  the  fame  time  heated  by  the  exercife^ 
which  double  heat  is  apt  to  bring  on  putrid  dangerous 
fevers?  That  foldiers  and  feamen  who  muff  march  and 
labour  in  the  fun,  fliould  in  the  Eaft  or  Weft-Indies  have 
an  uniform  of  white  ?  That  fummer  hats  for  men  or 
women,  fliould  be  white,  as  repelling  that  heat  which 
gives  head-achs  to  many,  and  to  fome  the  fatal  ftroke 
that  the  French  call  the  Coup  de  Soldi?  That  the 
ladies  fummer  hats,  however,  fliould  be  lined  with 
black,  as  not  reverberating  on  their  faces  thofe  rays 
which  are  reflefted  upwards  from  the  earth  or  water  ? 
That  the  putting  a  white  cap  of  paper  or  linen  within 
the  crown  of  a  black  hat,  as  fome  do,  will  not  keep 
out  the  heat,  though  it  would  if  placed  without.  That 
fruit  walls  being  blacked  may  receive  fo  much  heat 
from  the  fun  in  the  day-time,  as  to  continue  warm  in 
fome  degree  through  the  night,  and  thereby  preferve 
the  fruit  from  frofts,  or  forward  its  growth  ? — with 
fundry  other  particulars  of  lefs  or  greater  importance, 
that  will  occur  from  time  to  time  to  attentive  minds  r— 

I  amy 

i 

Tours  affectionately, 

B.  Franklin.. 
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LETTER  LVII. 


Extract  of  a  Letter  to  Lord  K<  at  Edinburgh , 

"June  2,  1765. 

*  *  *  In  my  paffage  to  America  I  read  your  excel¬ 
lent  work,  the  Elements  of  Criticifn ,  in  which  I  found 
great  enter tainment.  I  only  willied  you  had  examined 
more  fully  the  fubjecf  of  mufick,  and  demonftrated 
that  the  pleafure  artifts  feel  in  hearing  much  of  that 
compofed  in  the  modern  tafte,  is  not  the  natural  plea¬ 
fure  arifing  from  melody  or  harmony  of  founds,  but 
of  the  fame  kind  with  the  pleafure  we  feel  on  feeing 
the  furprizing  feats  of  tumblers  and  rope-dancers, 
who  execute  difficult  things.  For  my  part  I  take  this 
to  be  really  the  cafe,  and  fuppofe  it  the  reafon  why 
thofe  who  are  unpraftifed  in  mufick,  and  therefore 
unacqainted  with  thofe  difficulties,  have  little  or  no 
pleafure  in  hearing  this  mufick.  Many  pieces  of  it 
are  mere  compofitions  of  tricks.  I  have  fometimes 
at  a  concert,  attended  by  a  common  audience,  placed 
myfelf  fo  as  to  fee  all  their  faces,  and  obferved  no 
figns  of  pleafure  in  them  during  the  performance  of 
a  great  part  that  was  admired  by  the  performers  them- 
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felves  ^  while  a  plain  old  Scotch  tune,  which  they  dif- 
dained,  and  could  fcarcely  be  prevailed  on  to  play, 
gave  manifeft  and  general  delight.  Give  me  leave  on 
this  occafion  to  extend  a  little  the  fenfe  of  your  por¬ 
tion,  That  “  Melody  and  Harmony  are  feparately 
<c  agreeable,  and  in  union  delightful,”  and  to  give  it 
as  my  opinion  that  the  reafon  why  the  Scotch  tunes 
have  lived  fo  long,  and  will  probably  live  for  ever  ^if 
they  efcape  being  ftifled  in  modem  affedted  ornament) 
is  merely  this,  that  they  are  really  compofitions  of 
melody  and  harmony  united,  or  rather  that  their  me¬ 
lody  is  harmony.  I  mean  the  fimple  tunes  fung  by  a 
fmgle  voice.  As  this  will  appear  parodoxical,  I  mu  ft 
explain  my  meaning.  In  common  acceptation,  in¬ 
deed,  only  an  agreeable  fuccejjlon  of  founds  is  called 
melody ,  and  only  the  co-exijfence  of  agreeable  founds, 
harmony.  But  fince  the  memory  is  capable  of  retain¬ 
ing  for  fome  moments  a  perfect  idea  of  the  pitch  of  a 
paft  found,  fo  as  to  compare  with  it  the  pitch  of  a 
fucceeding  found,  and  judge  truly  of  their  agreement 
or  dilagreement,  there  may  and  does  arife  from  thence 
a  fenfe  of  harmony  between  the  prefent  and  paft 
founds,  equally  pleafmg  with  that  between  two  pre¬ 
fent  founds.  Now  the  conftruftion  of  the  old  Scotch 
tunes  is  this,  that  almoft  every  fucceeding  emphaticai 
note,  is  a  third,  a  fifth,  an  odtave,  or  in  fhort  fome 
note  that  is  in  concord  with  the  preceding  note. 
Thirds  are  chiefly  ufed,  which  are  very  pleafing  con¬ 
cords.  I  ufe  the  word  emphaticai  to  diftinguifh  thofe 
notes  which  have  a  ftrefs  laid  on  them  in  finging  the 

tune, 
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tune,  from  the  lighter  connecting  notes,  that  ferve 
merely,  like  grammar  articles  in  common  fpeech,  to 
tack  the  whole  together. 

That  we  have  a  moft  perfeft  idea  of  a  found  juft 
pad,  I  might  appeal  to  all  acquainted  with  mufick, 
who  know  how  eafy  it  is  to  repeat  a  found  in  the 
fame  pitch  with  one  juft  heard.  In  tuning  an  inftru- 
ment,  a  good  ear  can  as  eafily  determine  that  two 
firings  are  in  unifon  by  founding  them  feparately,  as 
by  founding  them  together  ;  their  difagreement  is  alfo 
as  eafily,  I  believe  I  may  fay  more  eafily  and  better 
diftinguiflied  when  founded  feparately  3  for  when 
founded  together,  though  you  know  by  the  beating 
that  one  is  higher  than  the  other,  you  cannot  tell 
which  it  is.  1  have  afcribed  to  memory  the  ability  of 
comparing  the  pitch  of  a  prefent  tone  with  that  of 
one  paft.  But  if  there  fhould  be,  as  poifibly  there 
may  be,  fomething  in  the  ear  fimilar  to  what  we  find 
in  the  eye,  that  ability  would  not  be  entirely  owing 
to  memory.  Poffibly  the  vibrations  given  to  the  au¬ 
ditory  nerves  by  a  particular  found  may  actually  con¬ 
tinue  fome  time  after  the  caufe  of  thofe  vibrations  is 
paft,  and  the  agreement  or  difagreement  of  a  fubfe- 
quent  found  become  by  comparifon  with  them  more 
difcernible.  For  the  impreflion  made  on  the  vifual 
nerves  by  a  luminous  objeCt  will  continue  for  twenty 
or  thirty  feconds.  Sitting  in  a  room  look  earneftly  at 
the  middle  of  a  window  a  little  while  when  the  day  is 
bright,  and  then  fhut  your  eyes  ;  the  figure  of  the 
window  will  ftill  remain  in  the  eye,  and  fo  diftindt 
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that  you  may  count  the  panes.  A  remarkable  cir- 
cumftance  attending  this  experiment,  is,  that  the  im- 
preffion  of  forms  is  better  retained  than  that  of  co¬ 
lours  ;  for  after  the  eyes  are  fliut,  when  you  firft  dif- 
cern  the  image  of  the  window,  the  panes  appear  dark, 
and  the  crofs  bars  of  the  fafhes,  with  the  window 
frames  and  walls,  appear  white  or  bright ;  but  if  you 
Hill  add  to  the  darknefs  in  the  eyes  by  covering  them 
with  your  hand,  the  reverfe  inftantly  takes  place,  the 
panes  appear  luminous  and  the  crofs  bars  dark.  And 
by  removing  the  hand  they  are  againft  reverfed.  This  I 
know  not  how  to  account  for. — Nor  for  the  follow¬ 
ing  ;  that  after  looking  long  through  green  fpedlacles, 
the  white  paper  of  a  book  will  on  firft  taking  them 
off  appear  to  have  a  blufti  of  red;  and  after  long 
looking  through  red  glaffes,  a  greenifh  caft ;  this 
feerns  to  intimate  a  relation  between  green  and  red  not 
yet  explained.  Farther,  when  we  confider  by  whom 
thefe  antient  tunes  were  compofed,  and  how  they  were 
firft  performed,  we  fhall  fee  that  fuch  harmonical  fuc- 
ceflions  of  founds  was  natural  and  even  neceffary  in 
their  conftrudlion.  They  were  compofed  by  the  min- 
ftrels  of  thofe  days  to  be  played  on  the  harp  accom¬ 
panied  by  the  voice.  The  harp  was  ftrung  with  wire, 
which  gives  a  found  of  long  continuance,  and  had  no 
contrivance  like  that  in  the  modern  harpfichord,  by 
which  the  found  of  the  preceding  could  be  ftopt,  the 
moment  a  fucceeding  note  began.  To  avoid  adlual 
difcord,  it  was  therefore  neceffary  that  the  fucceeding 
emphatic  note  fhoitld  be  a  chord  with  the  preceding, 
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as  their  founds  muft  exift  at  the  fame  time.  Hence 
arofe  that  beauty  in  thofe  tunes  that  has  fo  long 
pleafed,  and  will  pleafe  for  ever,  though  men  fcarce 
know  why.  That  they  were  originally  compofed  for 
the  harp,  and  of  the  moft  fimple  kind,  I  mean  a  harp 
without  any  half  notes  but  thofe  in  the  natural  fcale, 
and  with  no  more  than  two  oftaves  of  firings,  from 
C  to  C,  I  conjecture  from  another  circumftance,  which 
is,  that  not  one  of  thofe  tunes  really  antient,  has  a 
fingle  artificial  half  note  in  it,  and  that  in  tunes 
where  it  was  moft  convenient  for  the  voice  to  ufe  the 
middle  notes  of  the  harp,  and  place  the  key  in  F, 
there  the  B,  which  if  ufed  fhould  be  a  B  flat,  is 
always  omitted,  by  palling  over  it  with  a  third.  The 
connoifleurs  in  modern  mufick  will  fay,  I  have  no 
tafte,  but  I  cannot  help  adding,  that  I  believe  our 
anceftors,  in  hearing  a  good  fong,  diftintfly  articu¬ 
lated,  fung  to  one  of  thofe  tunes,  and  accompanied 
by  the  harp,  felt  more  real  pleafure  than  is  commu¬ 
nicated  by  the  generality  of  modern  operas,  exclufive 
of  that  arifing  from  the  fcenery  and  dancing.  Moft: 
tunes  of  late  composition,  not  having  this  natural 
harmony  united  with  their  melody,  have  recourfe  to 
the  artificial  harmony  of  a  bafs,  and  other  accom¬ 
panying  parts  *.  This  fupport,  in  my  opinion,  the 

old 


*  The  celebrated  Roujfeau  in  his  DtElionaire  de  Mufique ,  printed  176E,  appears 
to  have  fimilar  fentiments  of  our  modern  Harmony ,  viz. 

<£  M.  Rameau  pretend  que  les  defl'us  d  une  certaine  limplicite  fuggerent 
naturellemeiit  leur  bade,  Sc  qu’un  homme  ayant  Toreille  juite  et  non  exercee, 
entonnera  naturelleinent  cette  bade.  C’eft-la.  un  prejuge  de  mudcien,  dementi 
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old  tunes  do  not  need,  and  are  rather  confufed  than 
aided  by  it.  Whoever  has  heard  James  Ojwald  play 
them  on  his  violoncello,  will  be  lefs  inclined  to  dis¬ 
pute  this  with  me.  I  have  more  than  once  feen  tears 
of  pleafure  in  the  eyes  of  his  auditors ;  and  yet,  I 
think,  even  his  playing  thofe  tunes  would  pleafe  more, 
if  he  gave  them  lefs  modern  ornament. 

I  am,  &c. 

B.  F. 

par  toute  experience.  Non  feulement  celui  qui  n’aura  jamais  entendu  ni 
bafle  ni  harmonic ,  ne  trouvera,  de  lui-meme,  ni  cette  harmonie  ni  cette  bade  ; 
mais  elles  lui  deplairont  fi  on  les  lui  fait  entendre,  &  il  aimera  beaucoup 
mieux  le  dimple  unifon. 

Quand  on  fonge  que,  de  tous  les  peuples  de  la  terre,  qui  tous  ont  une  mud- 
que  &  un  chant,  les  Europeens  font  les  feuls  qui  aient  une  harmonie  des  accords, 
&  qui  trouvent  ce  melange  agreable  ;  quand  on  fonge  que  le  monde  a  dure 
tant  de  iiecles,  fans  que,  de  toutes  les  nations  qui  ont  cultive  les  beaux  arts, 
aucune  ait  connu  cette  harmonie ;  qu’aucun  animal,  qu’aucun  oifeau,  qu’aucun 
etre  dans  la  nature  ne  produit  d’autre  accord  que  l’unidbn,  ni  d’autre  mudque 
que  la  melodie  ;  que  les  langues  orientales,  fi  fonores,  fi  mudcales  ;  que  les 
oreilles  Grecques,  d  delicates,  d  fendbles,  exercees  avec  tant  d’art,  n’ont 
jamais  guide  ces  peuples  voluptueux  &  paffionnes  vers  notre  harmonie  ;  que, 
fans  elle,  leur  mudque  avoit  des  effets  d  prodigieux  :  qu’avec  elle  la  notre 
en  a  de  d  foibles;  qu’enfin  il  etoit  referve  a  des  peuples  du  Nord,  dont.  les 
organes  durs  &  grofliers  font  plus  touches  de  l’eclat  &  du  bruit  des  voix,  que 
de  la  douceur  des  accens,  &  de  la  melodie  des  inflexions,  de  faire  cette  grande 
decouverte,  &  de  la  donner  pour  principe  a  toutes  les  regies  de  Part ;  quand, 
dis-je,  on  fait  attention  a  tout  cela,  il  eft  bien  difficile  de  ne  pas  foup$onner 
que  toute  notre  harmonie  n’eft  qu’une  invention  gothique  &  barbare,  dont  nous 
ne  nous  fuffions  jamais  avifes,  li  nous  euffions  ete  plus  fenflbles  aujc  veritables 
bcautes  de  Part,  &  a  la  mufique  vraiment  naturelle” 
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LETTER  LVIII. 


To  Mr.  P.  F.  Newport ,  New  Fitgland. 


Dear  Brother , 

*  *  *  *  “  I  like  your  ballad,  and  I  think  it  well 
adapted  for  your  purpofe  of  difcountenancing  expen- 
five  foppery,  and  encouraging  induftry  and  frugality. 
If  you  can  get  it  generally  fung  in  your  country,  it 
may  probably  have  a  good  deal  of  the  effedt  you  hope 
and  expedt  from  it.  But  as  you  aimed  at  making  it 
general,  I  wonder  you  chofe  fo  uncommon  a  meafure 
in  poetry,  that  none  of  the  tunes  in  common  ufe  will 
fuit  it.  Had  you  fitted  it  to  an  old  one,  well  known, 
it  muft  have  fpread  much  fafter  than  I  doubt  it  will 
do  from  the  belt  new  tune  we  can  get  compofed  for 
it.  I  think  too,  that  if  you  had  given  it  to  fome 
country  girl  in  the  heart  of  the  Majfachufets ,  who  has 
never  heard  any  other  than  pfalm  tunes,  or  Chevy 
Chace ,  the  Children  in  the  Wood ,  the  Spanijh  Lady ,  and 
fuch  old  fimple  ditties,  but  has  naturally  a  good  ear, 
fhe  might  more  probably  have  made  a  pleafing  po¬ 
pular  tune  for  you,  than  any  of  our  mailers  here, 
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and  more  proper  for  your  purpofe,  which  would  beft 
be  anfwered,  if  every  word  could  as  it  is  fung  be  un- 
derftood  by  all  that  hear  it,  and  if  the  emphafis  you 
intend  for  particular  words  could  be  given  by  the 
finger  as  well  as  by  the  reader ;  much  of  the  force 
and  impreffion  of  the  fong  depending  on  thofe  cir- 
cumftances.  I  will  however  get  it  as  well  done  for 
you  as  i  can. 

Do  not  imagine  that  I  mean  to  depreciate  the  fkill 
of  our  compofers  of  mufick  here  ;  they  are  admirable 
at  pleafing  praBifed  ears,  and  know  how  to  delight  one 
another  ;  but,  in  compofing  for  fongs,  the  reigning 
tafte  feems  to  be  quite  out  of  nature,  or  rather  the 
reverfe  of  nature,  and  yet  like  a  torrent,  hurries  them 
all  away  with  it ;  one  or  two  perhaps  only  excepted. 

You,  in  the  fpirit  of  fome  antient  legiflators,  would 
influence  the  manners  of  your  country  by  the  united 
powers  of  poetry  and  mufic.  By  what  I  can  learn  of 
their  fongs,  the  mufick  was  fimple,  conformed  itfelf 
to  the  ufual  pronunciation  of  words,  as  to  meafure, 
cadence,  or  emphafis,  &c.  never  difguifed  and  con¬ 
founded  the  language  by  making  a  long  fyllable  fliort, 
or  a  fhort  one  long  when  fung  ;  their  finging  was 
only  a  more  pleafing,  becaufe  a  melodious  manner  of 
fpeaking ;  it  was  capable  of  all  the  graces  of  profe 
oratory,  while  it  added  the  pleafure  of  harmony.  A 
modern  fong,  on  the  contrary,  negledfls  all  the  pro¬ 
prieties  and  beauties  of  common  fpeech,  and  in  their 
place  introduces  its  defers  and  absurdities  as  fo  many 
graces.  I  am  afraid  you  will  hardly  take  my  word 
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for  this,  and  therefore  I  muft  endeavour  to  fupport  it 
by  proof.  Here  is  the  firft  fong  I  lay  my  hand  on. 
It  happens  to  be  a  compofition  of  one  of  our  greateft 
matters,  the  ever  famous  Handel .  It  is  not  one  of  his 
juvenile  performances,  before  his  tafte  could  be  im¬ 
proved  and  formed  :  It  appeared  when  his  reputation 
was  at  the  higheft,  is  greatly  admired  by  all  his  ad¬ 
mirers,  and  is  really  excellent  in  its  kind.  It  is  called, 
The  additional  Favourite  Song  in  Judas  Maccabeus. 
Now  I  reckon  among  the  defefls  and  improprieties  of 
common  fpeech,  the  following,  viz. 


1.  Wrong  placing  the  acce?it  or  emphajis ,  by  laying  it 
on  words  of  no  importance,  or  on  wrong  fyllables. 

2.  Drawling ;  or  extending  the  found  of  words  or 
fyllables  beyond  their  natural  length. 

3.  Stuttering  ;  or  making  many  fyllables  of  one. 

4.  Unintelligiblenefs ;  the  refult  of  the  three  forego¬ 
ing  united. 

5.  Tautology  •>  and 

6  Screaming ,  without  caufe. 


For  the  wrong  placing  of  the  accent ,  or  emphafs ,  fee  it 
on  the  word  their  inftead  of  being  on  the  word  vain . 
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And  on  the  word  from ,  and  the  wrong  fyllable  like. 


God -like  Wifdom  from  a  —  above. 


For  the  Drawling ,  fee  the  laft  fyllable  of  the  word  wounded . 


And  in  the  fyllable  wif,  and  the  word  .from,  and  fyllable  hove 


For  the  Stuttering ,  fee  the  words  neer  relieve ,  in 


Here  are  four  fvllables  made  of  one,  and  eight  of  three  ; 
but  this  is  moderate.  I  have  feen  in  another  fong  that 
I  cannot  now  find,  feventeen  fyllables  made  of  three, 
and  fixteen  of  one ;  the  latter  I  remember  was  the 
word  charms  5  viz.  Cha ,  a , a , a , a , a ,  a , <2, a, a , a, a, a , <2, «. 
Stammering  with  a  witnefs  ! 

For  the  Unintelligihlenefs ;  give  this  whole  fong  to 
any  taught  linger,  and  let  her  fing  it  to  any  company 

that 
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that  have  never  heard  it;  you  {hall  find  that  they  will 

not  underftand  three  words  in  ten.  It  is  therefore 

* 

that  at  the  oratorios  and  operas  one  fees  with  books 
in  their  hands  all  thofe  who  defire  to  underftand  wiiat 
they  hear  fung  by  even  our  beft  performers. 

For  the  Tautology',  you  have,  with  their  vain  myjlerious 
art ,  twice  repeated  ;  Magic  charms  can  ne'er  relieve  you , 
three  times.  Nor  can  heal  the  wounded  heart ,  three  times. 
Godlike  wifdom  jro?n  above ,  twice  ;  and,  this  alone  can 
ne'er  deceive  you,  two  or  three  times.  But  this  is  rea- 
fonable  when  compared  with  the  Morjler  Polypheme ,  the 
Monjler  Polypheme ,  a  hundred  times  over  and  over,  in 
his  admired  Acis  and  Galatea. 

As  to  the  /creaming ;  perhaps  I  cannot  find  a  fair 
inftance  in  this  fong  ;  but  whoever  has  frequented 
our  operas  will  remember  many.  And  yet  here  me- 
thinks  the  words  no  and  e'er,  when  fung  to  thefe 
notes,  have  a  little  of  the  air  of  [creaming,  and  would 
a£tually  be  fcreamed  by  fome  fingers. 


No  magic  charms  can  e'er  re — lieve  you. 


I  fend  you  inclofed  the  fong  with  its  mufic  at 
length.  Read  the  words  without  the  repetitions.  Ob- 
ferve  how  few  they  are,  and  what  a  fhower  of  notes 
attend  them.  You  will  then  perhaps  be  inclined  to 
think  with  me,  that  though  the  words  might  be  the 
principal  part  of  an  antient  fong,  they  are  of  fmall 
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importance  in  a  modem  one ;  they  are  in  fttort  only 

a  pretence  for  fmging . 

1  am ,  as  ever , 

2wr  af'eciionate  brother , 

B.  F. 

P.  aS.  I  might  have  mentioned  Inarticulation  among 
the  defers  in  common  fpeech  that  are  affumed  as 
beauties  in  modern  fmging.  But  as  that  feems  more 
the  fault  of  the  finger  than  of  the  compofer,  I  omit¬ 
ted  it  in  what  related  merely  to  the  compofition.  The 
fine  finger  in  the  prefent  mode,  ftifles  all  the  hard 
confonants,  and  polifhes  away  all  the  rougher  parts  of 
words  that  ferve  to  diftinguifh  them  one  from  ano¬ 
ther  5  fo  that  you  hear  nothing  but  an  admirable  pipe, 
and  underftand  no  more  of  the  fong,  than  you  would 
from  its  tune  played  on  any  other  inftrument.  If 
ever  it  was  the  ambition  of  muficians  to  make  inftru- 
ments  that  fhould  imitate  the  human  voice,  that  am¬ 
bition  feems  now  reverfed,  the  voice  aiming  to  be  like 
an  inftrument.  Thus  wigs  were  firft  made  to  imitate 
a  good  natural  head  of  hair  but  when  they  became 
fafhionable,  though  in  unnatural  forms,  we  have  feen 
natural  hair  drefied  to  look  like  wigs. 
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LETTER  LIX. 


of  Lightning,  and  the  Method  (now  ufed  in 
America)  of  fecuring  Buildings  and  Perfons 
from  its  mifchievous  Effects. 

r 

% 

EXPERIMENTS  made  in  electricity  fir  ft  gave 
philofophers  a  fufpicion  that  the  matter  of  light¬ 
ning  was  the  fame  with  the  ele&ric  matter.  Experi¬ 
ments  afterwards  made  on  lightning  obtained  from 
the  clouds  by  pointed  rods,  received  into  bottles,  and 
fubjefted  to  every  trial,  have  fince  proved  this  fufpi¬ 
cion  to  be  perfectly  well  founded ;  and  that  whatever 
properties  we  find  in  electricity,  are  alfo  the  proper¬ 
ties  of  lightning. 

This  matter  of  lightning,  or  of  electricity,  is  an 
extreme  fubtle  fluid,  penetrating  other  bodies,  and 
fubfifting  in  them,  equally  diffufed. 

When  by  any  operation  of  art  or  nature,  there 
happens  to  be  a  greater  proportion  of  this  fluid  in 
one  body  than  in  another,  the  body  which  has  moft, 
will  communicate  to  that  which  has  leaft,  till  the 
proportion  becomes  equal  provided  the  diftance  be- 
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tween  them  be  not  too  great ;  or,  if  it  is  too  great, 
till  there  be  proper  conductors  to  convey  it  from  one 

to  the  other. 

If  the  communication  be  through  the  air  without 
any  conductor,  a  bright  light  is  feen  between  the 
bodies, "and  a  found  is  heard.  In  our  fmall  experi¬ 
ments  we  call  this  light  and  found  the  eleCtric  fpark 
and  fnap ;  but  in  the  great  operations  of  nature,  the 
light  is  what  we  call  lightning ,  and  the  found  (pro¬ 
duced  at  the  fame  time,  though  generally  arriving 
later  at  our  ears  than  the  light  does  to  our  eyes)  is, 
with  its  echoes,  called  thunder . 

If  the  communication  oh  this  fluid  is  by  a  con¬ 
ductor,  it  may  be  without  either  light  or  found,  the 
fubtle  fluid  paffing  in  the  fubftance  of  the  conductor. 

If  the  conductor  be  good  and  of  fufficient  bignefs, 
the  fluid  paffes  through  it  without  hurting  it.  If 
otherwise,  it  is  damaged  or  deftroyed. 

All  metals,  and  water,  are  good  conductors. ---Other 
bodies  may  become  conductors  by  having  fame  quan¬ 
tity  of  water  in  them,  as  wood,  and  other  materials 
ufed  in  building,  but  not  having  much  water  in  them, 
they  are  not  good  conductors,  and  therefore  are  often 
damaged  in  the  operation. 

Glafs,  wax,  filk,  wool,  hair,  feathers,  and  even 
wood,  perfectly  dry  are  non-conduCtors :  that  is,  they 
refift  inftead  of  facilitating  the  paffage  of  this  fubtle 
fluid. 

When  this  fluid  has  an  opportunity  of  paffing 
through  two  conductors,  one  good,  and  fufficient,  as 
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of  metal,  the  other  not  fo  good,  it  pafles  in  the  bell, 
and  will  follow  it  in  any  direction. 

The  diftance  at  which  a  body  charged  with  this 
fluid  will  difcharge  itfelf  fuddenly,  ftriking  through 
the  air  into  another  body  that  is  not  charged,  or  not 
fo  highly  charged,  is  different  according  to  the  quan¬ 
tity  of  the  fluid,  the  dimenlions  and  form  of  the 
bodies  themfelves,  and  the  ftate  of  the  air  between 
them. — This  diftance,  whatever  it  happens  to  be  be¬ 
tween  any  two  bodies,  is  called  their  ftriking  diftance , 
as  till  they  come  within  that  diftance  of  each  other, 
no  ftroke  will  be  made. 

The  clouds  have  often  more  of  this  fluid  in  pro¬ 
portion  than  the  earth ;  in  which  cafe  as  foon  as  they 
come  near  enough  (that  is,  within  the  ftriking  dif¬ 
tance)  or  meet  with  a  conductor,  the  fluid  quits  them 
and  ftrikes  into  the  earth.  A  cloud  fully  charged 
with  this  fluid,  if  fo  high  as  to  be  beyond  the  ftriking 
diftance  from  the  earth,  palfes  quietly  without  making 
noife  or  giving  light  ;  unlefs  it  meets  with  other 
clouds  that  have  lefs. 

Tall  trees,  and  lofty  buildings,  as  the  towers  and 
fpires  of  churches,  become  fometimes  condu&ors  be¬ 
tween  the  clouds  and  the  earth  ;  but  not  being  good 
ones,  that  is,  not  conveying  the  fluid  freely,  they  are 
often  damaged. 

Buildings  that  have  their  roofs  covered  with  lead, 
or  other  metal,  and  fpouts  of  metal  continued  from 
the  roof  into  the  ground  to  carry  off  the  water,  are 
never  hurt  by  lightning,  as  whenever  it  falls  on 
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fuch  a  building,  it  paffes  in  the  metals  and  not  in* 
the  walls. 

When  other  buildings  happen  to  be  within  the 
ftriking  diftance  from  fuch  clouds,  the  fluid  paffes  in 
the  walls  whether  of  wood,  brick,  or  ftone,  quitting 
the  walls  only  when  it  can  find  better  conductors  near 
them,  as  metal  rods,  bolts,  and  hinges  of  windows 
or  doors,  gilding  on  wainfcot,  or  frames  of  pictures  3 
the  filvering  on  the  backs  of  looking-glaffes  3  the 
wires  for  bells  3  and  the  bodies  of  animals,  as  con¬ 
taining  watry  fluids.  And  in  palling  through  the 
houfe  it  follows  the  direction  of  thefe  conductors, 
taking  as  many  in  it's  way  as  can  affift  it  in  it’s  paf- 
fage,  whether  in  a  ftrait  or  crooked  line,  leaping  from 
one  to  the  other,  if  not  far  diftant  from  each  other* 
only  rending  the  wall  in  the  fpaces  where  thefe  partial 
good  conductors  are  too  diftant  from  each  other. 

An  iron  rod  being  placed  on  the  outfide  of  a  build¬ 
ing  from  the  higheft  part  continued  down  into  the 
mo ift  earth,  in  any  direction  ftrait  or  crooked,  fol¬ 
lowing  the  form  of  the  roof  or  other  parts  of  the 
building,  will  receive  the  lightning  at  its  upper  end, 
attracting  it  fo  as  to  prevent  it’s  ftriking  any  other 
part  3  and,  affording  it  a  good  conveyance  into  the 
earth,  will  prevent  it's  damaging  any  part  of  the 
building. 

A  fmall  quantity  of  metal  is  found  able  to  conduCt 
a  great  quantity  of  this  fluid.  A  wire  no  bigger  than 
a  goofe  quill,  has  been  known  to  conduCt  (with  fafety 
to  the  building  as  far  as  the  wire  was  continued)  a 

quantity 


quantity  of  lightning  that  did  prodigious  damage  both 
above  and  below  it ;  and  probably  larger  rods  are  not 
neceffary,  though  it  is  common  in  America,  to  make 
them  of  half  an  inch,  fome  of  three  quarters,  or  an 
inch  diameter. 

The  rod  may  be  fattened  to  the  wall,  chimney,  &c. 
with  ftaples  of  iron.— -The  lightning  will  not  leave 
the  rod  (a  good  conductor)  to  pafs  into  the  wall  (a 
bad  conductor),*  through  thofe  ftaples.— -It  would  ra¬ 
ther,  if  any  were  in  the  wall,  pafs  out  of  it  into  the 
rod  to  get  more  readily  by  that  conductor  into  the 
earth. . 

If  the  building  be  very  large  and  extenfive,  two  or 
more  rods  may  be  placed  at  different  parts,  for  greater 
fecurity. 

Small  ragged  parts  of  clouds  fufpended  in  the  air 
between  the  great  body  of  clouds  and  the  earth  (like 
leaf  gold  in  electrical  experiments),  often  ferve  as  par¬ 
tial  conductors  for  the  lightning,  which  proceeds  from 
one  of  them  to  another,  and  by  their  help  comes 
within  the  ftriking  diftance  to  the  earth  or  a  building. 
It  therefore  ftrikes  through  thofe  conductors  a  build¬ 
ing  that  would  otherwife  be  out  of  the  ftriking 
diftance. 

Long  fharp  points  communicating  with  the  earth, 
and  prefented  to  fuch  parts  of  clouds,  drawing  filently 
from  them  the  fluid  they  are  charged  with,  they  are 
then  attracted  to  the  cloud,  and  may  leave  the  diftance 
fo  great  as  to  be  beyond  the  reach  of  ftriking. 

It  is  therefore  that  we  elevate  the  upper  end  of  the 
rod  fix  or  eight  feet  above  the  higheft  part  of  the 

building;, 
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building,  tapering  it  gradually  to  a  fine  fharp  point* 
which  is  gilt  to  prevent  its  rafting. 

Thus  the  pointed  rod  either  prevents  a  ftroke  from 
the  cloud,  or,  if  a  ftroke  is  made,  conducts  it  to  the 
earth  with  fafety  to  the  building. 

The  lower  end  of  the  rod  fhould  enter  the  earth  fo 
deep  as  to  come  at  the  moift  part,  perhaps  two  or 
three  feet ;  and  if  bent  when  under  the  furface  fo  as 
to  go  in  a  horizontal  line  fix  or  eight  feet  from  the 
wall,  and  then  bent  again  downwards  three  or  four 
feet,  it  will  prevent  damage  to  any  of  the  ftones  of 
the  foundation. 

A  perfon  apprehenfive  of  danger  from  lightning, 
happening  during  the  time  of  thunder  to  be  in  a 
houfe  not  fo  fecured,  will  do  well  to  avoid  fitting 
near  the  chimney,  near  a  looking-glafs,  or  any  gilt 
pictures  or  wainfcot ;  the  fafeft  place  is  in  the  middle 
of  the  room,  (fo  it  be  not  under  a  metal  luftre 
fufpended  by  a  chain)  fitting  in  one  chair  and  laying 
the  feet  up  in  another.  It  is  ftill  fafer  to  bring  two 
or  three  mattraffes  or  beds  into  the  middle  of  the 
room,  and  folding  them  up  double,  place  the  chair 
upon  them ;  for  they  not  being  fo  good  conduftors  as 
the  walls,  the  lightning  will  not  chufe  an  interrupted 
courfe  through  the  air  of  the  room  and  the  bedding, 
when  it  can  go  through  a  continued  better  conductor 
the  wall.  But  where  it  can  be  had,  a  hamock  or 
Twinging  bed,  fufpended  by  filk  cords  equally  diftant 
from  the  w-alls  on  every  fide,  and  from  the  cieling  and 
floor  above  and  below,  affords  the  fafeft  fituation  a 
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peribn  can  have  in  any  room  whatever ;  and  what 
indeed  may  be  deemed  quite  free  from  danger  of  any 
ftroke  by  lightning, 

Paris ,  Sept .  1767.  B.  F. 

—  ■  - - - - - — -  — . 
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ExtraSl  of  a  Letter  frotn  J*  W.  Efq\  P r of effor 
of  Natural  Philofophy  at  Cambridge,  in  New 
England.  Jan.  6,  1768. 


“  *  *  *  I  have  read  in  the  Philofophical  Tranfac- 
“  tions  the  account  of  the  effeCts  of  lightning  on  St. 
tc  Bride’s  fteeple.  It  is  amazing  to  me,  that  after  the 
<c  full  demonftration  you  had  given,  of  the  identity 
cc  of  lightning  and  of  electricity,  and  the  power  of 
“  metalline  conductors,  they  fhould  ever  think  of  re- 
<c  pairing  that  fteeple  without  fuch  conductors.  How 
“  aftonifhing  is  the  force  of  prejudice  even  in  an  age 
“  of  fo  much  knowledge  and  free  enquiry  !” 

Answer  to  the  above. 

*  *  *  It  is  perhaps  not  fo  extraordinary  that  un¬ 
learned  men,  fuch  as  commonly  compofe  our  church 
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veftries,  lhould  not  yet  be  acquainted  with,  and  fen- 
fible  of  the  benefits  of  metal  condudtors  in  averting 
the  ftroke  of  lightning,  and  preferving  our  houfes 
from  its  violent  effedts,  or  that  they  fhould  be  ftill 
prejudiced  againft  the  ufe  of  fuch  condudtors,  when 
we  fee  how  long  even  philofophers,  men  of  extenfive 
fcience  and  great  ingenuity,  can  hold  out  againft  the 
evidence  of  new  knowledge,  that  does  not  fquare  with 
their  preconceptions ;  and  how  long  men  can  retain  a 
practice  that  is  conformable  to  their  prejudices,  and 
expect  a  benefit  from  fuch  pradtice,  though  conftant 
experience  {hows  its  inutility.  A  late  piece  of  the  Abbe 
Nollet ,  printed  laft  year  in  the  memoirs  of  the  French 
Academy  of  fciences,  affords  ftrong  inftances  of  this  : 
For  though  the  very  relations  he  gives  of  the  effedts 
of  lightning  in  feveral  churches  and  other  buildings, 
fhow  clearly  that  it  was  conducted  from  one  part  to 
another  by  wires,  gildings,  and  other  pieces  of  metal 
that  were  within ,  or  connected  with  the  building,  yet 
in  the  fame  paper  he  objedts  to  the  providing  metalline 
condudtors  without  the  building,  as  ufelefs  or  dan¬ 
gerous  He  cautions  people  not  to  ring  the  church 

bells 

*  Notre  curiofite  pourroit  peut-etre  s’applaudir  des  recherches  qu’elle  nous 
a  fait  faire  fur  la  nature  du  tonnerre,  &  fur  la  mecanifme  de  fes  principaux 
effets,  mais  ce  n’efi:  point  ce  qu’il  y  a  de  plus  important ;  il  vaudroit  bien  mieux 
que  nous  puiffions  trouver  quelque  moyen  de  nous  en  garantir  :  on  y  a  penfe  j 
on  s'eft  meme  flatte  d'avoir  Fait  cette  grande  decouverte  j  mats  malheureufe- 
ment  douze  annees  d’epreuves  &  un  peu  de  reflexion,  nous  apprennent  qu’il 
ne  faut  pas  compter  fur  les  promeffes  qu’on  nous  a  faites.  Je  l’ai  dit,  il  y  a 
long  temps,  &  avec  regret,  toutes  ces  pointes  de  fer  qu’on  drefle  en  Pair,  foit 
coxnme  eleffrofcopeS)  foit  comme  prefervatifs,  font  plus  propre  a  nous  attirer 

"  le 


bells  during  a  thunder-ftorm,  left  the  lightning,  in 
its  way  to  the  earth,  fhould  be  conducted  down  to 
them  by  the  bell  ropes  *,  which  are  but  bad  conduc¬ 
tors  ;  and  yet  is  againft  fixing  metal  rods  on  the  outfide 
of  the  fteeple,  which  are  known  to  be  much  better 
conductors,  and  which  it  would  certainly  chufe  to 
pafs  in,  rather  than  in  dry  hemp.  And  though  for  a 
thoufand  years  paft  bells  have  been  folemnly  confe- 
crated  by  the  Romifh  church  in  expectation  that 
the  found  of  fuch  blefled  bells  would  drive  away  thofe 
ftorms,  and  fecure  our  buildings  from  the  ftroke  of 

i 

le  feu  du  tonnerre  qu’a  nous  en  preferver;  ***  &  je  perfifte  a  dire  que  Ie  projet 
d’epuifer  une  nuee  orageufe  du  feu  dont  elle  eft  chargee,  n’eft  pas  celui  d'un 
phyficien. — ***,  Memoire  fur  les  Effets  du  Tonnerre. 

*  Les  cloches,  en  vertu  de  leur  benediction,  doivent  ecarter  les  orages  Sc 
nous  preferver  des  coups  de  foudre  ;  mais  l’eglife  permet  a  la  prudence  humaine 
le  choix  des  momens  ou  il  convient  d’ufer  de  ce  prefervatif.  Je  ne  fais  ft  le 
fon,  confidere  phyfiquement,  eft  capable,  ou  non,  de  faire  crever  une  nuee,  Sc  de 
caufer  Tepanchement  de  fon  feu  vers  les  objets  terreftres  ;  mais  il  eft  certain  Sc 
prouve  par  l’experience,  que  la  tonnerre  peut  tomber  fur  un  clochcr,  foit  que 
Ton  y  fonne  ou  que  l’on  n’y  fonne  point  $  &  fi  cela  arrive  dans  le  premier  cas, 
les  fonneurs  font  en  grand  danger,  parcequ'ils  tiennent  des  cordes  par  lefquelles 
la  commotion  ae  la  foudre  peut  fe  communiquer  jufqu'a  eux  :  il  eft  done  plus 
fage  de  laifter  les  cloches  en  repos  quand  l'orage  eft  arrive  au-defius  -de 
l'eglife.  Ibid. 

f  Suivant  le  rituel  de  Paris,  lorfqu’on  benit  des  cloches,  on  recite  les  oral- 
fons  fuivantes  : 

Benedic,  Domine . quotiefcumque  fonuent ,  procul  recedat  uirtus  infdiantium , 

umbra  pbantafmatis ,  incurfo  turbinum ,  percufio  Julminum,  lafo  tonitruum ,  calamiias 
tempefatum ,  cmnifque  fpiritus  procellarum ,  &c. 

Deus ,  qui  per  beat  urn  Mo'ifen,  &c . procul  pellentur  infdue  inimici ,  fragor 

grandinum,  procella  turbinum ,  impetus  tempefatum ,  temperentur  infefa  tonitrua ,  & c. 

Omnipoiens  fempiterne  Deus ,  &c . ut  ante  fonitum  ejus  cjfugcntur  ignita 

jacula  inimici,  percufie  fulminum ,  impetus  lapidum,  lafo  tempefatum,  &c. 

'fi  ^  ’  T  t  t  lightning ; 
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lightning;  and  during  fo  long  a  period,  it  has  not 
been  found  by  expedience,  that  places  within  the  reach 
of  inch  bleffed  founds,  are  fafer  than  others  where  it  is 
never  heard;  but  that  on  the  contrary,  the  lightning 
feems  to  ftrike  fteeples  of  choice,  and  that  at  the  very 
time  the  bells  are  ringing  -f ;  yet  ft  ill  they  continue  to 
blefs  the  new  bells,  and  jangle  the  old  ones  whenever 
it  thunders.— -One  would  think  it  was  now  time  to 
try  fome  other  trick ;  —  and  ours  is  recommended 
(whatever  this  able  philofopher  may  have  been  told  to 
the  contrary)  by  more  than  twelve  years  experience, 
wherein,  among  the  great  number  of  houfes  furnifhed 
with  iron  rods  in  North  America,  not  one  fo  guarded 
has  been  materially  hurt  with  lightning,  and  feveral 
have  been  evidently  preferved  by  their  means ;  while 
a  number  of  houfes,  churches,  barns,  fhips,  &c.  in 
different  places,  unprovided  with  rods,  have  been 
ftruck  and  greatly  damaged,  demolifhed,  or  burnt. 
Probably  the  veftries  of  our  Englifh  churches  are 
not  generally  well  acquainted  with  thefe  facts  ;  other- 
wife,  fmce  as  good  proteftants  they  have  no  faith  in 
the  bleffing  of  bells,  they  would  be  lefs  excufable  in 
not  providing  this  other  fecurity  for  their  refpective 
churches,  and  for  the  good  people  that  may  happen 

f  En  1718.  M.  Defiandes  fit  favoir  a  PAcademie  Royale  des  fciences,  que 
la  nuit  du  14  ou  15  d’Avril  de  la  meme  annee,  le  tonnerre  etoit  tombe  fur 
vingt-quatre  eglifes,  depuls  Landernau  jufqu’a  Saint  Pol-de-Leon  en  Bretagne; 
que  ces  eglifes  etoient  precifement  celles  ©u  l’on  fonnoit,  &  que  la  foudre  avoit 
epargne  celles  ou  Ton  ne  fonnoit  pas  :  que  dans  eelle  de  Gouifnon,  qui  fut 
entiereraent  ruinee,  le  tonnerre  tua  deux  perfonnes  de  quatre  qui  fonnoient, 
&c.  Hi/},  del  Ac,  Roy ,  des  Sc,  3719, 
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to  be  adembled  ia  them  during  a  temped,  efpecially 
as  thofe  buildings,  from  their  greater  height,  are 
more  expofed  to  the  ftroke  of  lightning  than  our 
common  dwellings. 

I  have  nothing  new  in  the  philofophical  way  to 
communicate  to  you,  except  what  follows.  When  I 
was  lad  year  in  Germany ,  I  met  with  a  fingular  kind 
of  glafs,  being  a  tube  about  eight  inches  long,  half  an 
inch  in  diameter,  with  a  hollow  ball  of  near  an  inch 
diameter  at  one  end,  and  one  of  an  inch  and  half 
at  the  other,  hermetically  fealed,  and  half  filled  with 
water. — If  one  end  is  held  in  the  hand,  and  the  other  a 
little  elevated  above  the  level,  a  conftant  fuoceflion 
of  large  bubbles  proceeds  from  the  end  in  the  hand 
to  the  other  end,  making  an  appearance  that  puz¬ 
zled  me  much,  till  I  found  that  the  fpace  not  filled 
with  water  was  alio  free  from  air,  and  either  filled 
with  a  fubtile  invifible  vapour  continually  rifing  from 
the  water,  and  extremely  rarifiable  by  the  lead:  heat 
at  one  end,  and  condenfable  again  by  the  lead  cool- 
nefs  at  the  other  ;  or  it  is  the  very  duid  of  fire  itfelf, 
which  parting  from  the  hand  pervades  the  glafs,  and 
by  its  expanfive  force  depredes  the  water  till  it  can 
pafs  between  it  and  the  glafs,  and  efcape  to  the  other 
end,  where  it  gets  through  the  glafs  again  into  the 
air.  I  am  rather  inclined  to  the  fird:  opinion,  but 
doubtful  between  the  two.  An  ingenious  artid:  here, 
Mr.  Nairne ,  mathematical  inftrument  -  maker,  has 
made  a  number  of  them  from  mine,  and  improved 
them,  for  his  are  much  more  fenfible  than  thofe  I 

T  t  t  2  brought 
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brought  from  Germany. — I  bored  a  very  fmall  hole 
through  the  wainfcot  in  the  feat  of  my  window, 
through  which  a  little  cold  air  conftantly  entered, 
while  the  air  in  the  room  was  kept  warmer  by  fires 
daily  made  in  it,  being  winter  time.  I  placed  one 
of  his  glades,  with  the  elevated  end  againft  this  hole ; 
and  the  bubbles  from  the  other  end,  which  was  in 
a  warmer  fituation,  were  continually  pafling  day  and 
night,  to  the  no  fmall  furprize  of  even  philofophi- 
cal  fpedlators.  Each  bubble  difcharged,  is  larger  than 
that  from  which  it  proceeds,  and  yet  that  is  not  di- 
minifhed;  and  by  adding  itfelf  to  the  bubble  at  the 
other  end,  that  bubble  is  not  increafed,  which  feems 
very  paradoxical. — When  the  balls  at  each  end  are 
made  large,  and  the  connefting  tube  very  fmall  and 
bent  at  right  angles,  fo  that  the  bails,  inftead,  of 
being  at  the  ends,  are  brought  on  the  fide  of  the 
tube,  and  the  tube  is  held  fo  as  that  the  balls  are 
above  it,  the  water  will  be  deprefled  in  that  which 
is  held  in  the  hand,  and  rife  in  the  other  as  a  jet 
or  fountain;  when  it  is  all  in  the  other,  it  begins 
to  boil,  as  it  were,  by  the  vapour  pafling  up  through 
it ;  and  the  inftant  it  begins  to  boil,  a  fudden  cold- 
nefs  is  felt  in  the  ball  held;  a  curious  experiment, 
this,  firfl;  obferved  and  fhewn  me  by  Mr.  Nairne . 
There  is  fomething  in  it  fimilar  to  the  old  obferva- 
tion,  I  think  mentioned  by  Arijlotle ,  that  the  bottom 
of  a  boiling  pot  is  not  warm;  and  perhaps  it  may 
help  to  explain  that  fa6l ; — if  indeed  it  be  a  fa£t. — > 
When  the  water  ftands  at  an  equal  height  in  both 
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thcfe  balls,  and  all  at  reft;  if  you  wet  one  of  the 
balls  by  means  of  a  feather  dipped  in  fpirit,  though 
that  fpirit  is  of  the  fame  temperament  as  to  heat 
and  cold,  with  the  water  in  the  glafles,  yet  the  cold 
occafioned  by  the  evaporation  of  the  fpirit  from  the 
wetted  ball,  will  fo  condenfe  the  vapour  over  the 
water  contained  in  that  ball,  as  that  the  water  of 
the  other  ball  will  be  prefled  up  into  it,  followed 
by  a  fucceflion  of  bubbles,  till  the  fpirit  is  all  dried 
away.  Perhaps  the  obfervations  on  thefe  little  in- 
ftruments  may  fuggeft  and  be  applied  to  fome  bene¬ 
ficial  ufes.  It  has  been  thought  that  water  reduced 
to  vapour  by  heat,  was  rarified  only  fourteen  thou- 
fand  times,  and  on  this  principle  our  engines  for 
raifing  water  by  fire  are  faid  to  be  conftrufted :  But 
if  the  vapour  fo  much  rarified  from  water,  is  capable 
of  being  itfelf  ftill  farther  rarified  to  a  boundlefs 
degree  by  the  application  of  heat  to  the  veflels  or 
parts  of  veflels  containing  the  vapour  (as  at  firft 
it  is  applied  to  thofe  containing  the  water)  perhaps 
a  much  greater  power  may  be  obtained,  with  little 
additional  expence.  Poflibly  too,  the  power  of  eafily 
moving  water  from  one  end  to  the  other  of  a  move- 
able  beam  (fufpended  in  the  middle  like  a  fcale  beam) 
by  a  fmall  degree  of  heat,  may  be  applied  advan- 
tageoufly  to  fome  other  mechanical  purpofes.  *  *  * 

I  am ,  &.  B.  F. 
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LETTER  LXI. 

To  Sir  Joh?t  Pr ingle ,  Bart. 

SIR,  Craven-ftreet)  May  10,  1768* 

YOU  may  remember  that  when  we  were  travel¬ 
ling  together  in  Holland ,  you  remarked  that  the 
trackfchuyt  in  one  of  the  ftages  went  flower  than 
ufual,  and  enquired  of  the  boatman,  what  might 
be  the  reafon ;  who  anfwered,  that  it  had  been  a  dry 
feafon,  and  the  water  in  the  canal  was  low.  On 
being  again  afked  if  it  was  fo  low  as  that  the  boat 
touched  the  muddy  bottom  \  he  faid,  no,  not  fo  low 
as  that,  but  fo  low  as  to  make  it  harder  for  the 
horfe  to  draw  the  boat.  We  neither  of  us  at  firffc 
could  conceive  that  if  there  was  water  enough  for 
the  boat  to  fwim  *  clear  of  the  bottom,  its  being 
deeper  would  make  any  difference ;  but  as  the  man 
affirmed  it  ferioufly  as  a  thing  well  known  among 
them  ;  and  as  the  punctuality  required  in  their  ftages, 
was  likely  to  make  fuch  difference,  if  any  there  were, 
more  readily  obferved  by  them,  than  by  other  water¬ 
men  who  did  not  pafs  fo  regularly  and  conftantly 

backwards 
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backwards  and ‘forwards  in  the  fame  track  3  I  began 
to  apprehend  there  might  be-  fomething  in  it,  and 
attempted  to  account  for  it  from  this  confideration, 
that  the  boat  in  proceeding  along  the  canal,  muft  in 
every  boat’s  length  of  her  courfe,  move  out  of  her 
way  a  body  of  water,  equal  in  bulk  to  the  room 
her  bottom  took  up  in  the  water  3  that  the  water 
fo  moved,  muft  pals  on  each  fide  of  her  and  under 
her  bottom  to  get  behind  her  3  that  if  the  paffage 
under  her  bottom  was  ftraitened  by  the  {hallows, 
more  of  that  water  muft  pafs  by  her  hides,  and  with 
a  lwifter  motion,  which  would  retard  her,  as  moving 
the  contrary  way  3  or  that  the  water  becoming  lower 
behind  the  boat  than  before,  {lie  was  prefled  back  by 
the  weight  of  its  difference  in  height,  and  her  motion 
retarded  by  having  that  wieght  conftantly  to  over¬ 
come.  But  as  it  is  often  loft  time  to  attempt  ac¬ 
counting  for  uncertain  faffs,  I  determined  to  make 
an  experiment  of  this  when  I  fhould  have  convenient 
time  and  opportunity. 

After  our  return  to  England ,  as  often  as  I  happened 
to  be  on  the  Thames,  I  enquired  of  our  watermen 
whether  they  were  fenfible  of  any  difference  in  rowing 
over  fhallow  or  deep  water.  I  found  them  all  agree¬ 
ing  in  the  faff,  that  there  was  a  very  great  difference, 
but  they  differed  widely  in  exprefling  the  quantity  of 
the  difference  3  fome  fuppoflng  it  was  equal  to  a  mile 
in  fix,  others  to  a  mile  in  three,  &c.  As  I  did  not 
recolleff  to  have  met  with  any  mention  of  this  matter 
in  our  philofophical  books,  and  conceiving  that  if  the 

difference 
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difference  fhould  really  be  great,  it  might  be  an  ob«* 
jeft  of  confideration  in  the  many  projedls  now  on 
foot  for  digging  new  navigable  canals  in  this  ifland, 
I  lately  put  my  defign  of  making  the  experiment  in 
execution,  in  the  following  manner : 

I  provided  a  trough  of  plained  boards  fourteen  feet 
long,  fix  inches  wide  and  fix  inches  deep,  in  the  clear, 
filled  with  water  within  half  an  inch  of  the  edge,  to 
reprefent  a  canal.  I  had  a  loofe  board  of  nearly  the 
fame  length  and  breadth,  that  being  put  into  the 
water  might  be  funk  to  any  depth,  and  fixed  by  little 
wedges  where  I  would  chufe  to  have  it  ftay,  in  order 
to  make  different  depths  of  water,  leaving  the  furface 
at  the  fame  height  with  regard  to  the  fides  of  the 
trough.  I  had  a  little  boat  in  form  of  a  lighter  or 
boat  of  burthen,  fix  inches  long,  two  inches  and  a 
quarter  wide,  and  one  inch  and  a  quarter  deep.  When 
fwimming,  it  drew  one  inch  water.  To  give  motion 
to  the  boat,  I  fixed  one  end  of  a  long  filk  thread  to 
its  bow,  juft  even  with  the  water’s  edge,  the  other 
end  palTed  over  a  well-made  brafs  pully,  of  about  an 
inch  diameter,  turning  freely  on  a  fmall  axis ;  and  a 
fhilling  was  the  weight.  Then  placing  the  boat  at 
one  end  of  the  trough,  the  weight  would  draw  it 
through  the  water  to  the  other. 

Not  having  a  watch  that  fhows  feconds,  in  order 
to  meafure  the  time  taken  up  by  the  boat  in  paffing 
from  end  to  end,  I  counted  as  faft  as  I  could  count 
to  ten  repeatedly,  keeping  an  account  of  the  number 
of  tens  on  my  fingers.  And  as  much  as  poffible  to 
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correct  any  little  inequalities  in  my  counting,  I  re¬ 
peated  the  experiment  a  number  of  times  at  each 
depth  of  water,  that  I  might  take  the  medium.— And 
the  following  are  the  refults. 


Water  u  inch  deep.  2  inches.  #  4-i  inches. 


ift 

exp.  -  100 

-  -  -  94 

...  79 

2 

-  -  -  104 

1 

1 

1 

SO 

Oo 

.  .  -  78 

3 

-  -  -  104 

-  “  “  9i 

...  7? 

4 

-  -  -  106 

- 87 

...  79 

5 

-  -  -  100 

88 

...  79 

6 

* 

-  -  -  99 

-  -  -  86 

.  .  .  80 

7 

-  -  -  ] 00 

-  -  -  9° 

...  79 

8 

-  -  -  j  00 

-  -  -  88 

.  .  .  81 

8i3 

717 

632 

Medium  10 1 

Medium  89 

Medium  79 

I  made  many  other  experiments,  but  the  above  are 
thofe  in  which  I  was  mod  exact 3  and  they  ferve  fuf- 
ficiently  to  lliow  that  the  difference  is  confiderable. 
Between  the  deepefl  and  fhalloweft  it  appears  to  be 
fomewhat  more  than  one  fifth.  So  that  fuppofing 
large  canals  and  boats  and  depths  of  water  to  bear  the 
fame  proportions,  and  that  four  men  or  horfes  would 
draw  a  boat  in  deep  water  four  leagues  in  four  hours, 
it  would  require  five  to  draw  the  fame  boat  in  the 
fame  time  as  far  in  fhallow  water  3  or  four  would 
require  five  hours. 


U  u  u 
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*  *  t  (  V 

Whether  this  difference  is  of  confequence  enough  to 
juftify  a  greater  expence  in  deepening  canals,  is  a 
matter  of  calculation,  which  our  ingenious  engineers 
in  that  way  will  readily  determine. 

t*  • 

1  am,  &c. 

B.  F. 


THE  END. 
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THER,  what,  285. 
Accent  or  Emphafis, 
wrong  placing  of  it,  one  of 
the  faults  in  modern  fongs, 

49  E 

Air ,  its  particles,  their  proper¬ 
ties,  41,  190,  fsf  feq.  its  cur¬ 
rents  over  the  globe,  47,  48. 

— It  refills  the  motion  of  the 
eledtric  fluid,  80,  and  con¬ 
fines  it  to  bodies,  81,  182. 

— Its  effects  in  eledtric  experi¬ 
ments,  96,  97. 

— Its  fridtion  againft  trees,  &c. 
confidered,  120,  184,418. 

Air ,  and  water  mutually  attradl 
each  other,  1 90,  diffolves  wa¬ 
ter,  19  1,  and,  when  dry,  oil, 
193.  Why  fuffocating  when 
impregnated  with  oil,  ibid. 

—  how  water  is  fupported  in 
it,  194.  Objedtions  to  this 
opinion,  245. 

•—of  hurricanes  cold,  and  why, 
196. 

Air^  in  rooms,  eledlrified  pofi- 
tively  and  negatively  by  Mr. 
Canton ,  4  1 6. 

■ —  effedts  of  heat  upon  it,  293. 

—  has  its  fhare  of  eledlricity, 

U 


394,  experiments  to  prove 
it,  ibid. 

— Its  eledlricity  fometimes  den¬ 
ier  above  than  below,  396, 
417. 

—  rare,  no  bad  condudlor  of 
found,  447. 

Air  Ahermometer ,  electrical,  ex¬ 
periments  with  it,  398, 

fil- 

Amber ,  eledlric  experiments  on 
435* 

America ,  why  marriage  is  more 
early  there,  and  more  gene¬ 
ral,  206. 

Analyfisof  the  Leiden  phial,  26, 
27* 

Animal-Heat ,  whence  it  arifes, 
35 4. 

Animalcules ,  fuppofed  to  caufe 
the  luminous  appearance  of 
fea  water,  2  8 1 ,  Jeq. 

Armies ,  whence  the  belt  means 
of  fupporting  them,  346. 

Armonica ,  the,  a  new  mufical 
inftrument  deferibed,  438, 
£s?  feq.  Manner  of  playing 
on  it,  443. 

Atmofphere ,  eledtric,  its  proper¬ 
ties,  162. 

- fometimes  denfer 

above  than  below,  195. 

u  u  2  Aurora - 
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'Aurora -Borealis^  explained,  48, 
49,  271. 

- —  Query  concerning  it, 

159- 

B 

Balls  of  fire,  in  the  air,  Re¬ 
mark  concerning  them,  447. 

Barometer ,  how  the  air  operates 
on  it,  456. 

Ba/s,  unnecefifary  in  feme  tunes, 
489. 

Battery  ehEiric,  its  eonftruction, 
28. 

Beccaria ,  V ere ,  character  of  his 
book  on  electricity,  168.  Cu¬ 
rious  experiment  of  his,  417. 
Letter  to  him,  437. 

Bells,  the  form  in  confecrating 
them,  505. 

Bevis,  Dr.  draws  electricity 
from  the  clouds,  116. 

Black  cloths,  heat  more  and  dry 
fooner  in  the  fun  than  white 
ones,  483. 

Black ,  a  chimney  painted  of  that 
colour,  when  expofed  to  the 
fun,  will  draw  more  ftrongly, 
382.  A  bad  colour  for 
clothes  in  hot  climates,  483. 
Fit  for  the  lining  of  ladies 
fummer  hats,  484. 

Btindnefs ,  occafioned  by  light¬ 
ning,  and  by  eleCtricity,  66. 

Blunt  Bodies ,  compared  with 
pointed  ones,  their  effects, 

4,  61,  63. 

Boat ,  difference  in  its  failing 
over  fhoal  or  deep  water,  512. 


E  X. 

Body ,  human,  generally  is  fpe- 
cifically  lighter  than  water* 
475>  476- 

Bodies ,  brought  into  a  pofitive 
atmofphere,  are  thereby  elec¬ 
tris’d  negatively,  167. 

• — —  at  a  diftance,  their  ac¬ 
tion  on  each  other  confider’d, 
262,  2 66. 

Boerhaave ,  his  opinion  of  the 
propagation  of  heat,  284, 
and  of  (team  from  ferment¬ 
ing  liquors,  285. 

Bolton ,  Mr.  a  curious  experi¬ 
ment  of  his,  408. 

Bofton ,  its  inhabitants  decreafe, 
202. 

Brafs ,  hot,  yields  unwholefome 
fleams,  318. 

Britain  cannot  long  fupply  the 
colonies  with  manufactures, 
207. 

Buildings ,  what  kind  fafefl  from 
lightning,  499, 

Bur ,  round  a  hole  flruck  thro’ 
paft board,  the  caufe  of  it, 

13 r* 

C 

Candles  lighted  by  electricity,  9. 

Canton ,  Mr.  John,  fome  curi¬ 
ous  experiments  of  his,  408, 

—  draws  electricity  from  the 
clouds,  1 1 5. 

Cann,  filver,  a  fingular  experi¬ 
ment  on  it,  334. 

Carolina .  South,  accounts  of  the 

effects 
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effeCts  of  lightning  on  two 
conductors  there,  426,  &? feq. 
Remarks  on  thole  accounts, 
43°,  &  feq. 

Cap  of  white  paper,  its  ufe,  484. 

Cavendijh ,  Lord  Charles ,  a  very- 
ingenious  experiment  of  his, 
41 1 . 

Charging  a  number  of  bottles  at 
the  fame  time,  the  manner 
defcribed,  25. 

Charging  and  difcharging ,  the 
terms  explained,  24. 

Chimnies ,  common,  their  ineffi¬ 
cacy  in  warming  rooms,  296, 
299. 

—  The  motion  of  air  in  them, 
and  one  caufe  of  their  ffnoak- 
ingexplained,  294.  Damage 
fometimesdoneby  them,  298 

— An  eafy  method  of  obtaining 
more  warmth  in  the  ufe  ot 
them,  377.  —  In  common 
chimnies  half  the  fuel  waft¬ 
ed,  378.  A  property  of  them 
obferved,  379.  Ufe  of  it 
propofcd,  ibid.  &  38  1.  Caufe 
of  it  explained,  380,  381. 
EffeCt  of  painting  the  funnel 
black,  382. 

—  EffeCt  of  contracting  them 
in  different  ways,  471,  472. 

Cities,  why  they  do  not  fupply 
themfelves  with  inhabitants, 
205.  .  <  ; 

Cloathing,  does  not  give  warmth, 

356- 

•  Clothes ,  of  what  colour,  fitted 
for  hot  climates,  483. 


Clouds ,  arifing  from  fea  and 
others  from  land,  effeCts  of 
their  meeting,  45,  46,  47. 

-  eleCtricity  fird  drawn 

from  them  at  Marly,  107. 

— Are  elcCtrifed  fometimes  ne¬ 
gatively  and  fometimes  pofi- 
tively,  122,  123,  136,  137, 
157,  158. 

— Conjectures,  on  the  manner 
in  which  thev  become  elec- 
triled,  125,  £s?  feq.  271,  3  31. 

— Motives  topropofingthe  fird 
experiment  on  them,  331. 

— How  fupported  in  air,  194. 
How  formed,  196.  Whe¬ 
ther  wind  can  be  confined  in 
them,  265,  269,  287. 

C olden,  Mr.  David,  his  remarks 
on  AbbeNollet’sletters,  138. 

Cold,  the  fenfation  of  it,  how 
produced,  352,  353. 

—  only  the  abfence  of  heat,  * 

356- 

— Produced  by  mixtures,  how, 

356,  357- 

— why  it  teems  greater  in  me¬ 
tals  than  in  wood,  268,  353. 

Cold ,  great,  produced  by  evapo- 
ration,experimentsof  it,  3  50, 
371,372.  The  praClice  long 
known  in  the  Ead,  372,  and 
to  our  failors,  373.  Several 
phoenomena,  hitherto  unac¬ 
counted  for,  explained  by  it, 
374,  &feq. 

Colds,  how  caught,  according 
to  common  opinion,  297. 

Co 'ot lie  sy 


0 


I 


I  N  D 


X. 


r  * 

Colonies,  American,  their  liber¬ 
ty  more  fecure  in  difunion, 

347* 

Colomfts ,  in  N.  America,  dou¬ 
ble  in  25  years,  213. 

Colours ,  different  in  clothes,  im¬ 
bibe  different  degrees  of  heat 
from  the  Sun’s  rays,  482. 
Experiments  on  them,  483. 

Conductors ,  and  Non- conductors, 
terms  propofed  inftead  of 
Ele ■dries  per  fe,  and  Non- Elec- 
tries ,  96,  270. 

- — — -  id  me  will  con  duel 

electricity,  in  fmall  quanti¬ 
ties,  that  will  not  conduct  a 
fhock,  36,  330,  410. 

of  common  fire, 
their  properties,  and  diffe¬ 
rences,  351. 

— — - — -  Experiments  on  them. 


3 


. . . of  lightning,  parti¬ 
culars  relating  to  them,  498, 
&feq:  . 

Commerce ,  its  conveniencies  and 
inconveniencies,  346. 

Comozanis ,  (or  Cor puf ants )  feen 
on  the  mails  of  ihips,  are 
eleCtrical  appearances,  90. 

Crooked  Direction ,  of  lightning, 
explain'd,  175,  176. 

Cufhion ,  (of  buckfkin,  fill’d  with 
bran)  its  improv’d  manage¬ 


ment,  92. 
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Dampnefs ,  on  walls,  whence* 
261. 

Damp  Winds ,  why  they  give  a 
more  uneafyfenfation  of  cold 
than  dry  ones,  267,  351. 

Dampier ,  Cape,  extracts  from 
his  voyages,  relating  to  wa- 
terfpouts,  276,  &  feq. 

Defects ,  in  common  fpeech,  the 
affeCted  beauties  of  modern 
finging,  493. 

Denmark ,  the  people  of,  not 
fiibjeCt  to  colds,  313. 

Domien ,  a  Tranfyivanian,  fome 
account  of  him,  328. 

Duties ,  moral,  the  knowledge 
and  practice  of  them ,  of  more 
importance  than  the  know¬ 
ledge  of  nature,  458. 

E 

Earth ,  Why  it  grows  no  hotter 
under  the  Summer  fun,  375. 

Earth ,  the,  fometimes  ftrikes 
lightning  into  the  clouds, 
124. 

Earth ,  will  diffolvein  air,  19 1. 

—  dry,  not  a  good  conductor, 
35’  36* 

Earthquakes ,  ancient,  their  ufe 
to  us,  370. 

Effluvia ,  of  drugs,  &c.  will  not 
pafs  thro’  glafs,  82,  83. 

Electric 


f-- 


INDEX. 


EleClric  Atmojphere ,  how  pro¬ 
duced,  57. 

- its  form,  58,  t?  fec[. 

EleClric  Battery ,  its  conftrudtion, 
28. 

Electric  Wheel ,  defcribed,  3 1 . 

EleClric  Clouds ,  experiment  to 
explain  their  operation,  63, 
64. 

Electric  Death ,  the  eafieft  of  all, 

'  333* 

Electric  Fire ,  not  created  by 
fridtion,  but  collected,  41. 

- Its  particles,  their  proper¬ 
ties,  54,  55,  &  feq. 

- - Its  ufes,  56. 

- It  produces  heat  or  com¬ 
mon  fire  in  the  bodies  it 
paffes  thro’,  and  how,  50, 
400,  419, — 421. 

EleClric ,  and  common  fire,  a 
remarkable  difference  be¬ 
tween  them,  406. 

EleClric  Fluid ,  is  ftrongly  at¬ 
tracted  by  glafs,  74. 

- - its  manner  of  adding  thro’ 

glafs  hermetically  lealed, 
81. 

- - paffes  in  ffnall  quantities 

before  it  explodes  in  a  ftroke 
of  lightning,  13  1. 

■ - finds  its  paffage  and  pro¬ 

per  condudtors,  previous  to 
the  ftroke,  132. 

*  -  pervades  denfe  matter 

with  greateft  eafe,  271. 

•  - chufes  the  beftconduftors, 

33°>  4 98- 


EleClric  Fluids  pervades  fome 
glafs*  when  warm,  409. 

EleClric  Matter ,  in  bodies,  re¬ 
pelled  and  moved  by  the  ap¬ 
proach  of  an  electrifed  body, 
1 64. 

EleClric  Force  may  be  encreafed 
without  bounds,  94. 

EleClric  Kifs ,  its  force  encreafed, 
10. 

EleClric  Kite,  (Me  ribed,  1 1 7, 1 1  8. 

Electrical  party  of  pleafure,  37- 

Eletlrical  horfe-race,  396. 

- air-thermometer  deferib’d, 

396.  Experiments  with  it, 
398,  &feq. 

Electrical  Phial ,  or  Leiden 
bottle,  its  phenomena  ex¬ 
plained,  12,  &  feq. 

Electrical  Shock ,  a  great  one,  its 
effects  on  the  human  body, 
160,  161,  333. 

Electricity ,  whether  pofitive  or 
negative  hath  fome  fimilar 
effects,  36,  37. 

Electricity, pofitive  and  negative, 
in  a  Tourmalin,  383,  &  feq . 

ElcCtrics  per  fe,  &  Non- ele  dries, 
the  difference  between  them, 
81,  95,  270. 

Electrified  Bumpers  defc r  i  bed ,  3  8 . 

EleClrifation  between  two  per  Jons , 
the  various  appearances  ac¬ 
counted  for,  8. 

EleClrifations  frequent,  10. 

EleClnfing  one's  felf \  the  manner 
of  doing  it,  7. 
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Englijh ,  effeCt  of  their  ancient 
manners,  345. 

Evaporation ,  cold  produced  by 

it,  371’  372>  407*. 

Experiments  with  the  .Leiden 
Bottle,  15,  feq. 

Experiments  of  firing  fpirits  by  a 
jpark  fent  thro5  a  river,  how 
performed,  37. 

Experiment ,  the  great  one,  of 
examining  the  clouds,  pro- 
pofeci,  and  the  manner  di¬ 
rected,  65. 

Experiment  on  drugs  eleCtrify’d, 
83,  84. 

Experiment ,  to  difcover  the  kind 
of  eleCtricity  in  the  clouds, 
12 1. 

Experiment ,  of  encreafing  elec¬ 
tricity  on  the  furface  of  a  bo¬ 
dy,  by  condenfing  the  body, 
129. 

Experiment ,  Mr.  Golden's ,  on  the 
Leiden  phial,  146. 

Experiments  eleCtrical,  by  Mr. 
Canton ,  150. 

Experiments ,  eleCtrical,  in  pur- 
fuance  of  thofe  made  by  Mr. 
Canton ,  162. 

Experiment ,  on  wood  and  metal, 
with  heat,  268. 

Experiment  on  fea  water,  to  dif¬ 
cover  the  caufe  of  its  lumi¬ 
nous  appearance,  281. 

jExp^rm^/propofed,to  meafure 
the  time  taken  up  by  an  elec- 
trick  fpark,  in  moving  thro’ 
a  given  fpace,  288.  Anfwer 
thereto,  290. 


Experiment  on  a  fil  yer  cann,  3  34.. 

Experiment ,  producing  great 
cold  by  evaporation,  371, 

372/ 

Experiment ,  fhewing  the  diffe¬ 
rent  effects  of  the  fame  quan¬ 
tity  of  eleCtricity  on  different 
quantities  of  metal,  421. 

Experiments  on  the  Tourmalin, 
383,  &  feq. 

Experiment  on  the  failing  of 
boats  over  deep  and  fhallow 
water,  510,^  feq . 

F 

FaFis ,  beft  to  afcertain  them  be¬ 
fore  one  attempts  to  account 
for  them,  459. 

Fanning ,  how  it  cools,  375. 

Fevers ,  occafioned  by  exercife 
in  the  Sun,  in  hot  climates, 

483- 

Fire ,  a  region  of,  above  the 
clouds,  271. 

Fire  common ,  joined  with  air, 
makes  its  fpecifically  lighter, 
42. 

- -  its  fuppofed  properties, 

295.* 

- is  a  fluid  permeating  all 

bodies,  351. 

■ — —  conductors  of  it,  their 
differences,  351. 

-  exifts  in  a  folid  ftate  in 

fuel,  354,  420.  . 

- recovers  its  fluidity  in  cer¬ 
tain  cafes,  420. 

f- - in  a  quiefcent  ftate,  420. 

Fire ~ 
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Fire,  many  ways  of  kindling 
it,  419. 

Fire-places ,  a  newconftrudion  of 
them  deferibed,  292,  &  feq. 
Formeronesconfidered,295, 
£sf  feq. 

- manner  of  ufing  them, 

309,  &  feq. 

. - advantages  of  them,  312, 

&  feq.' 

*  -  objedions  to  them  an- 

fwered,  310. 

*  - diredions  to  put  them  up, 

321. 

Fires ,  great  and  bright,  damage 
the  eyes  and  fkin,  298. 

Flejh ,  how  made  tender  by 
lightning,  and  by  eledricity, 

42  3  • 

Fluids ,  agitated,  do  not  produce 
heat,  459. 

Florence  flafk,  when  filled  with 
boiling  water,  permitted  elec¬ 
tricity  to  pafs  thro’  it,  393. 
Fogs ,  and  mitts,  how  fupported 
in  air,  194. 

Foreigners ,  their  importation 
not  neceflary  to  encreale  a 
a  people,  212. 

Fountain  elettrified ,  its  It  re  am 
feparates  in  form  of  a  brufh, 

40. 

France ,  the  effeds  of  its  milita¬ 
ry  manners,  344,  345. 
Freezing  a  man  to  death  in  a 
Summer’s  day,  potfibility  of 

^  £72* 

Frugality  and  Induftry ,  furpriz- 
ing  effeds  of,  342. 

X 


Fruit  Walls ,  blacking  them,  ef¬ 
feds  to  be  expeded  from  it, 
484. 

Fufion  cold ,  of  metals,  what, 
5 1  ’  52* 

• - The  notion  of  it  proves  a 

miftake,  400. 

- —  The  error  of  it  acknow¬ 
ledged,  419. 

G 

Gilding  on  a  book,  conduds 
well  at  firft,  36,  why  not  fo 
well  afterwards,  69. 

-  The  effeds  of  lightning 

on  it,  67. 

Glafs  has  always  the  fame  quan¬ 
tity  of  the  eledric  fluid,  2 6. 

- the  whole  power  of  giving 

a  fhock  is  in  it,  ibid.  &  89. 

- panes  of  it,  by  whom  firft 

ufed  in  eledric  experiments, 

29- 

- great  force  in  frnall  porti¬ 
ons  of  it,  35,  74. 

- is  impermeable  to  the  e- 

ledric  fluid,  73,  &  feq.  in 
what  fenfe,  168. 

- ftrongly  attrads  the  elec¬ 
tric  fluid,  74. 

- cannot  be  eledrified  mi¬ 
nus,  75. 

- its  oppofite  furfaces,  how 

affeded,  25,  75. 

- its  component  parts  ex- 

treamly  fine,  76. 

- its  pores  exceeding  frnall, 

ibid.  Glafs, 
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Glafs ,  the  manner  of  its  opera¬ 
tion  in  producing  electricity, 
explain’d,  76,  &  feq. 

-  - -  its  elafticity,  to  what  pof- 

fibly  owing,  78. 

, — —  thick,  refills  the  change 
in  the  electricity  of  its  diffe¬ 
rent  Tides,  82. 

- — —  rod  of  it,  will  not  conduCt 

a  fhock,  ibid. 

- - rubbed,  is  pofitively  elec¬ 
trified,  fulphur  negatively, 
reafons  for  thinking  fo,  104, 
105. 

- - globes  of  it,  fome  will  not 

produce  eleCtricity,  3  2  7,  what 
belt,  ibid. 

—  an  error  relating  to  its 
pores,  acknowledg’d,  329. 

Glafs ,  a  curious  one  defcribed, 
507,  &Jeq. 

GlaJJes ,  a  new  mufical  inflru- 
ment  compos’d  of  them,  de¬ 
fcribed,  438,  £2?  feq. 

Gold  Leaf  its  fufpenffon  ex¬ 
plain’d,  70,  &  feq. 

Government ,  free,  can  only  be 
deftroyed  by  corrupt  man¬ 
ners,  343. 

Greece,  its  fuperiority  over  Per - 
fia ,  whence,  343. 

Green  and  red)  a  relation  be¬ 
tween  thofe  colours,  488. 

Gunpowder ,  dry,  how  to  be  fi¬ 
red  by  electricity,  92. 

Gunpowder ,  magazines  of,  how 


to  fecure  them  from  1  ightning, 
45  r,  &  feq.  New  propolai 
for  keeping  gunpowder  dry, 
452. 

H 

Habits ,  and  manners,  their  ef¬ 
ficacy  in  increafing  mankind, 
339>  3 40. 

Harmony ,  and  melody,  what, 
48  6. 

Harp ,  ancient  Scotch  tunes 
compofed  to  be  fung  with 
that  inftrument,  488.  The 
effeCt  it  had  on  their  compo- 
fition,  ibid. 

Hats ,  ladies  lummer,  of  what 
colour  belt,  484. 

Heat)  the  pain  it  occafions,. 
how  produced,  353. 

- in  an  animal,  howprodu« 

ced,  354,  355.  . 

- - in  fermentation,  its  de¬ 
gree,  355. 

• -  great,  at  Philadelphia, 

June  1750,  its  circumftan- 

ces>  373>  374*. 

— —  produced  in  bodies  by 
eleCtricity,  and  by  lightning, 
399,  400,  419,  421,429. 

Hole ,  ftruck  through  pafte- 
board,  reafon  of  the  bur 
round  it,  13 1. 

Horfe-Race ,  eleCtrical,  396. 

Hudf on's- River ,  winds  there, 
263,  267,  286. 


Hunters 
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Hunters,  require  much  land  to 
fubfift  on,  206. 

Hurricanes,  how  produced,  196. 

I 

Ice ,  not  a  good  conductor  of  an 
eleCtric  fhock,  36. 

Ignorance ,  a  frank  acknowledg¬ 
ment  of  it  recommended, 

334- 

Images,  of  luminous  objeCts  re¬ 
main  fome  time  in  the  eye, 
487,  &Jeq.  ' 

Inarticulation ,  in  modern  Ting¬ 
ing,  cenfured,  496. 

Increafe ,  of  mankind,  obferva- 
tions  on  it,  205.  What  pre¬ 
vents  it,  208,  209.  What 
promotes  it,  2 1  o,  2 1 1 ,  212. 
Farther  obfervations  on  it, 

337-  „  f.  - 

Induftry  and  frugality,  their  ef¬ 

fects,  342,  34^- 

Inoculation ,  its  fuccefs  in  Phila¬ 
delphia,  203. 

Infers,  ufefulnefs  of  the  know¬ 
ledge  of  them,  457,  458. 

Invention,  the  faculty  of,  its  in¬ 
conveniences,  335,  feq. 

Iron,  hot,  gives  no  offenfive 
lmell,  317. 

. -  yields  no  unwholefome 

vapours,  318. 

K 

Kinnerjley,  Mr.  fome  new  expe¬ 
riments  propofedbyhim,  99. 
£5?  feq,  and  verified,  103. 

X 


Kinnerjley,  Mr.  his  experiments 
on  the  clouds,  136,  137. 

- Letter  from  him,  392. 

Kite,  eleUrical,  deferibed,  with 
the  manner  of  ufing  it,  117, 

1 1 8. 

Knobs ,  not  fo  proper  as  Points , 
for  conductors  of  lightning, 
424. 

L 

Labour,  why  dear  in  America , 
207. 

Leiden  Bottle,  its  phoenomena 
explain’d,  12,  &  feq. 

- analyfed,  26. 

- -  additional  experiment  in 

proof  of  the  former  expla¬ 
nation,  86. 

- fealed  hermetically, retains 

long  its  electricity,  408,  409. 

- why  the  hand  that  holds 

it  does  not  reftore  the  elec¬ 
tric  fluid  that  has  beendriven 
out  of  it,  470. 

Light ,  difficulties  in  the  doCtrine 
of  it,  272. 

- Queries  concerning  it,  ib. 

—  The  visibility  of  its  infinite¬ 
ly  fmall  parts  computed,  283. 
Lightning,  rep  re  fen  ted,  9. 

- drawn  firft  from  the  clouds 

at  Marly,  106,  107.  Monf. 
D’ Alibard's  Memorial  relat¬ 
ing  thereto,  108,  &  feq.  Af¬ 
terwards  by  Mr.  Canton,  1 1 5. 

• - obtain’d  from  the  clouds 

by  the  kite,  1 17. 

- by  an  iron  rod,  1 16. 

- objections  to  its  being  col¬ 
lected  from  the  fea,  178. 
x  2  Lightning, 


index; 


\ 


Lightning ,  effeCts  of  it  on  a  wire 
at  N.  York,  1 88,  189. 

. — —  reafons  for  firft  propofmg 
the  experiment  on  it,  330,, 

331- 

— .  how  it  lhivers  trees,  423. 

— —  ftrikes  Mr.  Weft' s  pointed 
rod,  401,  402,  the  rod  de- 
fcribed,4Q3.  EffeCts  of  the 
lightning  upon  it,  404. 

— . —  accounts  of  it  effeCts  on 
conductors  in  Carolina ,  426, 
O’  feq- 

• - remarksonthofe  accounts, 

'  43°’  &  feP 

-  does  not  ufually  enter 

houfes  through  open  doors  or 
windows,  433.  Should  be 
diftinguifhed  from  its  light , 
434.  An  explofion  or  clap 
of  thunder  always  accompa¬ 
nies  it,  tho5  not  always  heard, 
ibid .  Obfervations  of  its 
linking  St.  Bride's,  450. 

—  a  paper  on  it  written  (by 
requell)  at  Paris,  497.  Dan¬ 
ger  from  it,  how  bell  avoid¬ 
ed,  502. 

Linnams,  an  inllance  of  public 
be  n  e  h  t  ar  ifi  n  g  f r  o  m  h  i  s  k  n  o  w- 
ledge  of  infeCts,  457. 

Luminous  appearance  of  fea- 
wa.ter  confidered,  2  8i,E? feq. 

—  objeCts,  make  impreffions 

of  ibme  duration  in  the  eye, 
487. 

Luxury ,  extin guifncs  families, 
34r- 


Luxury ,  not  to  be  extirpated  by 
Laws,  347. 


M 

Magazine  of  Gunpowder,  how 
to  fecure  it  from  lightnings 
45 1 5  &  feq. 

Magic  Squares ,.  account  of  fome, 
358. 

Magic  Circle ,  account  of  one, 
362. 

Magical  Pidlure  defcrib’d,  29, 
3°- 

Magnetic  Bars,  experiment  Ihew- 
ing  their  mutual  repulfton, 

4I3* * 

Magnetifm ,  communicated  to 
needles,  by  the  eleCtric  Itroke, 
90,  91,  186. 

Manners ,  their  effeCt  on  the 
welfare  of  Hates,  340,  E?  feq . 

Marly ,  the  experiment  of  draw¬ 
ing  lightning  from  the  clouds, 
fir  ft  fucceeds there,  106, 107, 

Marriages ,  wrhat  increafes  the 
number  of,  205. 

- - why  delayed  in  old  coun¬ 
tries,  ibid. 

* — —  why  early  and  more  gene¬ 
ral  in  America ,  206,  207. 

Maryland ,  account  of  a  whirl¬ 
wind  there,  364. 

Meal ,  Grain,  &c.  manner  of 
preferving  them  good  for 
ages,  452. 

Medicated  eledlricity,  impracti¬ 
cable,  82,  83. 

Melody r 
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'Melody  and  Harmony,  what, 
486. 

* - how  united  in  a  fimple 

tune,  ibid. 

Men ,  fix,  (truck  down  by  an 
eleCtric  fhock,  333. 

Metals ,  melted  by  eleCtricity 
and  lightning,  67,  id y^.184, 
188,  189,  428,  429,  431. 

. - Glafs  ftained  by  melted 

metals,  68. 

Force  of  their  explofion, 

polifhed,  are  fpotted  by 
electrical  (parks,  98. 

- why  they  feel  colder  than 

wood,  268,  353. 

- -  not  melted  by  cold  fufion> 

400. 

Metalline  Rods ,  recommended 
for  fecuring  buildings  from 
lightning,  x32>  x33>  x34> 

500. 

. - they  either  prevent,  or  con- 

dud,  a  ftroke,  169. 

Meteorological  Observations,  190, 
id  feq. 

Mitchell ,  Mr.  obfervation  on  a 
paper  of  hi  s,  370. 

Mines,  a  method  of  changing 
air  in  them,  381. 

Motion ,  of  the  eleCtric  ftroke, 
its  fwiftnefs  explain’d,  290, 
291 . 

Mountains,  their  ufe  in  produ¬ 
cing  rain  and  rivers,  44,  45. 

- - how  they  became  fo  high 

above  the  level  of  the  fea, 
388. 


Mufic,  modern,  character  of  it, 
485* 

- what  the  kind  of  pleafure 

it  gives,  ibid. 

NIuJical  Instrument,  a  new  one 
compofed  of  glaffes,  deferib- 
ed,  438,  id  feq. 

N 

Needles ,  rendered  magnetical  by 
the  eleCtric  ftroke,  90,  91. 

Needles,  and  pins  melted  by 
eleCtricity,  91. 

Needle  of  a  compafs,  its  polarity 
reverfed  by  lightning,  90, 
187. 

Needle  of  wood,  with  points, 
turns  on  a  center,  the  fame 
way,  whether  eleCtrifed  pofi- 
tively  or  negatively,  393. 
Solution  of  it,  propos’d, 

4X4* 

Negatively,  eleCtrifed  bodies  re¬ 
pel  each  other,  163. 

Negroes ,  why  they  bear  heat 
better  than  whites,  374. 

Newbury,  in  New- England,  ef¬ 
fects  of  a  ftroke  of  lightning 
there,  170,  id  feq. 

New -York,  effects  of  light  nine: 
on  awire  in  the  church  there, 
188, 189. 

Nollet,  Abbe,  remarks  on  his 
letters,  by  Mr.  Colden ,  13S. 

Non-condudors  of  the  eleCtric 
fluid,  what  fubftances  are, 
4S8. 

v  North - 
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Ncrth-Eaft  fcorms  in  America, 
begin  in  the  South-weft,  and 
the  caufe,  389,  feq. 

O 

Obfervations ,  meteorological, 
190. 

Oil ,  the  effedt  of  heat  upon  it, 
*93- 

— — evaporates  only  in  dry  air, 
ibid . 

- - renders  air  unfit  to  take 

up  water,  ibid. 

Oil  and  Water ,  a  curious  expe¬ 
riment  made  with  them  at 
fea,  448,  &  feq. 

P 

Packthread ,  tho5  wet,  not  a  good 
conductor  of  afhock,  36. 

Paralytic  cafes,  effedt  of  elec¬ 
tricity  in  them,  367. 

Party  of  Pleafure,  eledtrical,  37. 

Perjons  falling  by  the  eledtric 
ftroke,  the  manner  of,  333. 

Perfpirable  Matter ,  pernicious  if 
retained  in  the  body,  260. 

Picture  magical ,  defcribed,  29, 
30. 

Plus  and  Minus ,  eledtricity,  in 
the  Leiden  bottle,  14. 

- - in  other  bodies,  19. 

Point ,  (harp,  a  curious  experi¬ 
ment  to  fhew  its  effedt  on  the 
clouds,  134,  135., 

Pointed  Rods ,  their  ufe  in  fecur- 
ingbuildingsfrom  lightning, 
134, 42  6.  Improvements  on 


them,  422,  423.  Farther  ufe 
424^  4^5- 

Points ,  their  wonderful  effedts, 
3’  4>  5* 

- - explain'd,  61.  £5?  feq. 

- - Miftake  about  them  com¬ 
plained  of,  169. 

Poke-weed ,  ufed  in  the  cure  of 
Cancers,  275. 

Polarity ,  given  to  needles  by 
the  eledtric  ftroke,  90,  91. 

Population ,  the  progrefs  of  it, 
why  fwitter  in  America,  206. 

Pofitive and  Negative  eledtricity, 
fome  of  their  effedts  are  fimi- 
lar,  36,  37. 

Pofitivenefs ,  the  impropriety  of 
it,  472. 

Powder  magazines,  the  way  of 
fecuring  them  from  light¬ 
ning,  451,  &  feq. 

R 

Rain ,  how  produced,  43. 

— —  why  never  fait,  238,  239. 

Red  and  Green ,  the  colours,  a 
certain  relation  between 
them,  488. 

Repellency ,  eledtrical,  how  de- 
ftroyed,  5. 

Repulfion ,  eledtrical,  the  doc¬ 
trine  of  it  doubted,  394, 
further  confiderations  in  fup- 
port  of  it,  41 1*  412,  413. 

Rivers ,  their  running  all  into 
the  fea  doubted,  and  the  rea- 
fons,  479,  &  feq.  Their 
evaporation  before  they  reach 
it,  how  encreafed,  480,481. 

Rod , 
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Rod ,  iron,  eredled,  for  experi¬ 
ments  on  the  clouds,  120. 
Its  ufe  as  a  conductor  of 
lightning,  500. 

Rome ,  effedt  of  its  manners  con- 
fidered,  343. 

Rooms ,  warm,  their  advantages, 
299,  &  feq.  Do  not  give 
people  colds,  318,  £s?  feq. 

Rouffeau ,  his  opinion  of  tunes 
in  parts,  489,  490. 

S 

Salt,  Rock,  form’d  originally 
from  the  fea,  and  in  what 
manner.  387,  388. 

Salt-Watery  how  to  quench 
thirfl  with  it,  469. 

Scotch  'Tunes ,  the  pleafure  they 
give  explain’d,  486. 

Seay  the  fource  of  lightning,, 
objedtions  to  that  opinion, 
178.  Reafons  on  which  it 
was  founded,  182,  183. 

* - its  luminous  appearance 

accounted  for,  281,  £s?  feq. 

- - not  fait  from  the  diflblu- 

tion  of  rock-falt,  but  frefher 
now  than  it  was  originally, 

387- 

.  has  formerly  covered  the 

mountains,  ibid. 

Sea-Water y  foon  lofes  its  lu¬ 
minous  quality,  184. 

Slaves ,  not  profitable  labourers, 
208. 

- - diminifh  and  vitiate  the 

free  people,  210. 


Small- P ox y  lofs  by  it  in  Bofton , 
201,  202. 

Smell  of  Electricity y  produc’d  by 
its  adtionon  fomething  in  the 
air,  84. 

Snowy  blown  about  by  the  wind, 
gave  eledtricity,  tho’  the  air 
otherwife  clear,  444. 

SongSy  ancient,  gave  more  plea¬ 
fure  than  modern  ones,  why, 
489,  492.  Modern,  com¬ 
posed  of  all  the  defedts  and 
abfurdities  of  common 
fpeech,  ibid.  Xnftances  of 
it,  493,  fc?  feq. 

Soundy  obfervations  on  it,  445,. 
under  water  ftrong  at  a  dif- 
tance,  ibid.  Queries  con¬ 
cerning  it,  446,447.  Afub- 
tle  fluid  fufpedied  as  the 
condudlor  of  it,  ibid. 

Soundsy  juft  pad,  we  have  a  per- 
fedt  idea  of  their  pitch,  486, 
487. 

Spain,  what  has  thinned  its  peo¬ 
ple,  2T3. 

Specif  cal  Weight ,  what,  294. 

Spheres  eleflric,  commodious 
ones,  1 1. 

Spider,  counterfeit,  defer!  b’d,  1  o. 

Spirit y  inflammable,  linen  cloths 
wet  with  it,  and  applied  to 
painful  inflammations  of  the 
body,  give  great  coolnefs  and 
cafe,  376. 

Spirits ,  fired  without  heating 
them,  51. 

Spots y 
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Spots  in  the  Sun,  how  formed, 
s  274. 

Stars,  fhooting,  what,  244. 

St.  Bride's  Church ,  obfervation 
of  the  ftroke  of  lightning  on 

-  it,  45°>  45 l* 

Storms ,  fee  North-Eaft, 

Stuttering ,  one  of  the  affefted 

O' 

beauties  of  modern  fongs, 

493,  &  feq. 

Sun ,  way  not  wafted  by  expence 
of  light,  274. 

Surface ,  whether  increafe  of  it 
can  account  for  the  rife  of 
vapours,  256,  259,  267. 

Surfaces ,  the  oppofite  ones  of 
glafs,  their  different  ftate 
when  eleftrifed,  25,  75. 

Sulphur  Globe. ,  its  electricity  dif¬ 
ferent  and  oppofite  to  that  of 
the  glafs  globe,  103. 

Sweat ,  the  neceflity  of  keeping 
it  up,  in  thofe  that  labour  in 
the  fun  in  hot  climates,  374. 
The  manner  of  doing  it,  ibid . 

Swiftnefs  of  eleftric  motion  ex¬ 
plain’d,  290,  291. 

Swimming ,  how  to  be  learnt, 
474,  &  feq.  How  a  perfon 

unacquainted  with  it  may  a- 
void  finking,  476,  477.  A 
delightful  and  wholefomeex- 
ercife,  47  8 .  Its  advantage  to 
foldiers,  ibid. 

T 

‘Tautology,  one  of  the  beauties  of 
modern  fongs,  493,  495. 


Thermometer ,  not  cooled  by  blow¬ 
ing  on  it  when  dry,  376. 

- eleCfrical,  defcribed,  396. 

Experiments  made  with  it, 
398,  £s?  feq. 

Thirft ,  how  it  may  be  quenched 
with  fait  water,  469,  470. 
Thunder -gufts,  what,  39. 

- a  new  hypothecs  for  ex¬ 
plaining  them,  ib.  feq. 
Tides ,  in  rivers,  their  motion 
explain’d,  460,  £5? feq.  A  tide 
is  a  wave,  high  and  low  water 
different  parts  of  that  wave, 

.  ibid.  Not  much  more  water  in 
a  river  at  high  water  than  at 
low  water,  461,  462,  two, 
three,  or  more  high  waters, 
and  as  many  low  waters  exift> 
ing  in  the  fame  river  at  the 
fame  time,  462,  467. 
Tourmalin,  fome  experiments 
on  it,  383,  &  feq. 

Towns,  in  England,  reafon  of 
their  growth,  342. 

T rees,  dangerous  to  take  fhelter 
under  them,  50.  Why  cool 
in  the  fun,  375. 

. - the  fhivering  of  them  by 

lightning  explained,  423. 

T riangles,  equilateral,  form’d  by 
particles  of  air,  42. 

T ube,  of  glafs,  lin’d  with  a  non- 
eleftric,  experiment  with  it, 

79. 

* — —  may  be  made  by  rubbing 
to  aft  like  the  Leiden  bottle, 

80. 

Tube 3 
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Tube,  exhaufted  of  air,  the  elec¬ 
tric  fire  moves  freely  in  it,  80. 

Tubes  ofGlafs,  manner  of  rub¬ 
bing  them,  ii. 

‘Tunes,  ancient  Scotch ,  why  they 
fo  generally  give  pleafure, 
486,  490.  Compofed  to  the 
wire  harp,  488,  in  parts, 
RoujfeaiT s  opinion  of  them, 
4S9,  490. 

Turkey ,  killed  by  eledlricity, 
160.  1 

‘  !  r  *  rj 

u 

Unintelligiblenefs „  one  of  the 
faults  of  modernfinging,493. 


Vacuum ,  Torricellian,  experi¬ 
ment  with  it,  1 5 6. a 

* - experiment  in  Vacuo,  to 

fhew  that  the  eledtric  fpark 
palfes  {trait,  when  not  re¬ 
filled  by  air,  177. 

Vapour ,  afcends  from  fait 
water,  and  leaves  the  fait, 
388.  Another  experiment 
on  it,  406. 

Vapours ,  the  caufe  of  their  rifing 
confidered,  256,  259. 

Varnifh ,  dry ,  burnt  by  eledlric 
fparks,  34. 

Volcano's ,  conjedlure  why  many 
of  them  have  ceafed,  388. 

W 

Wars ,  civil,  whether  they 
ilrengthen  a  country,  confi¬ 
dered,  345.  Y  y  y 


Water ,  a  good  conductor  36. 

- ftronglyele&rified,  rifes  in 

vapours  more  copioufiy,  40. 

•  - its  particles  ariling,  attach 

themfelves  to  particles  of  air, 
4 1 ,  and  mutually  attract  each 
other,  42. 

-  will  diffolve  in  air,  19 1. 

- boiling,  effect  of  fire  upon 

it,  192. 

•  - how  its  parts  are  fupport- 

ed  in  air,  194. 

— —  does  not  rife  in  vapour  by 
being  reduced  to  hollow 
fpheres,  259. 

- originally  all  fait,  387. 

Frefli,  the  produce  of  diftil- 
lation  only,  ibid. 

exploded  like  gunpowder, 
by  electricity,  422.  Its  de¬ 
gree  of  rarefadlion,  509. 
Watfon ,  Dr.  a  letter  of  his,  114. 
Water  [pouts,  how  formed,  200, 
230,  285. 

- whether  they  defcend  or 

afcend,  216,  218,  &  feq. 
-  farther  confider’d,  224, 

&feq. 

- winds  blow  from  all  points 

towards  them,  227. 

•  - are  whirlwinds  at  fea,  230. 

- - effiedt  of  one  on  the  coaft 

of  Guinea ,  240,  277. 

— account  of  one  in  Antigua, 
241,  &  fcq . 

—  farther  accounts  of  them, 
and  rcafonings  upon  them, 
246,  £5? feq.  263,  264,  276. 

Wax, 
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Wax,  maybe  eledrifed  pofitive-  Winds, from  fea  and  land,  reafort 
ly  and  negatively,  157,  when  of  their  different  heat  and 
fluid  will  condud,  271.  cold  at  different  feafons,  199. 

Wefi,  Mr.  his  conductor  ftruck  —  whether  they  can  be  con- 
by  lightning,  and  houfe  pre-  fined  toclouds,  265,269,287. 

ferved,  40 1 ,  fs?  feq>  ■ - their  efFed  on  the  progrefs 

Wheel  elettric,  defcribed,  31.'  of  found  confidered,  446. 
Wheel,  felp moving,  defcribed,  Winthrop,  Profeflor,  a  curious 
32>  33 •  ~  obfervation  of  his,  444. 

Whirlwinds,  how  formed,  199,  Wire,  fmall,  conduds  a  great 
200<  ftroke  of  lightning,  fafe'ly, 

• - accountof  one,  364,  feq.  tho3  deftroy’ditfelf,  1 70, 1 7 1 . 

White,  why  the  fitted  colour  for  - melted  by  eledricity,  1 84. 

foldiers  clothes  in  hot  funny  — —  from  the  earth  to  the  cu- 
climates,  484.  fliion,  furnifhes  more  eledric 

Wilfon,  Mr.  draws  eledricity  fire,  185. 

from  the  clouds,  1 16.  - *  lengthened  by  eledricity. 

Winds,  Trade,  explained,  196,  399. 

197,  261.  The  explanation  Wood ,  why  it  does  not  feel  fo 
objeded  to,  258.  cold  as  metals,  tho3  of  the 

- wefterly  in  the  northern  fame  temperature,  26  -8 

and  fouthern  region,  why,  W oollen,  why  warmer  than  line% 
J98-  268,  355. 
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